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INTRODUCTION 
The  ce l lu la r  d i f fe rent ia t ion  of  the  Cyanophyceae  i s  s imi lar  in  
many respec ts  to  tha t  of  the  bac ter ia  and  these  two groups  a re  d is t inc t  
f rom a l l  h igher  p lan ts  and  an imals .  The  ce l l s  lack  the  membrane-
bound organel les  such as  nuc le i ,  Golg i ,  mi tochondr ia ,  p las t ids  and 
endoplasmic  re t icu lum found in  the  ce l l s  of  h igher  organisms.  Because  
of  these  d i f fe rences  i t  has  been  proposed  tha t  the  b lue-green  
a lgae  and bac ter ia  be  cons idered  toge ther  as  the  Procaryota  as  
opposed  to  a l l  ce l l s  wi th  t rue  nucle i ,  the  Eucaryota  (S tanier  and  
Van Nie l ,  1952) .  
As  more  procaryotes  are s tudied  a t  the  f ine  s t ruc ture  leve l ,  
th i s  separa t ion  seems to  become more  c lear ly  af f i rmed and more  wide ly  
accepted .  The  ce l l  envelope  of  the  b lue-greens  c lose ly  resembles  the  
ce l l  wal l  charac ter i s t ic  of  gram-negat ive  bac ter ia .  Both  of  these  
wal l  types  were  found to  conta in  a  wide  range  of  amino ac ids  and  
d iaminopimel ic  ac id ,but  the  l a t te r  compound has  not  ye t  been  found in  
h igher  organisms (Work and  Dewey,  1953;  Frank e t  a l . ,  1962b) .  In  
genera l ,  most  compounds  a re  shared  by  the  procaryotes  and  eucaryotes .  
However ,  s te ro ls  have  been  repor ted  to  be  absent  f rom both  b lue-greens  
and  bac ter ia  a l though they  a re  of  genera l  occurrence  in  the  ce l l s  of  
h igher  organisms (Levin  and  Block ,  1954) .  S te ro ls  a re  commonly  found 
in  the  in t race l lu la r  membranes  o f  eucaryotes^  and  i t  has  been sugges ted  
tha t  the  lack  of  s te ro l  content  may be  s igni f icant  in  expla in ing  the  
lack  of  membrane-bound organel les  in  the  procaryotes  (S tanier ,  1961) .  
The  b lue-greens  share  the  bas ic  photosynthe t ic  p igments .  
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chlorophyl l  a  and  ^ -caro tene  wi th  h igher  p lan ts  and  in  both  cases  f ree  
oxygen i s  a  product  of  photosynthes is .  Both  groups  have  &<-l inolenic  
ac id-conta in ing  ga lac to l ip ids  in  the  photosynthe t ic  appara tus  (Levin  
e t  a l . ,  1964) .  These  par t icu lar  compounds  have  been sugges ted  to  
p lay  a  ro le  in  the  process  of  oxygen evolu t ion  and a re  not  found in  
bac ter ia .  In  bacter ia  o ther  subs tances ,  such as  su l fur ,  a re  reduced .  
The  photosynthes is  of  b lue-greens  resembles  tha t  of  bac ter ia  in  i t s  
re la t ionship  to  resp i ra t ion  in  tha t  l igh t  appears  to  inh ib i t  oxygen 
uptake  by  both  groups  (S tanier ,  1951) .  
Ris  and  Chandler  (1953)  compared  two major  types  of  genet ic  
sys tems which  d i f fe r  s igni f icant ly  in  molecular  o rganiza t ion .  In  
procaryotes  and  v i ruses  the  gent ic  sys tem cons is t s  of  DNA not  bound 
wi th  h i  s tone- type  pro te ins .  In  the  eucaryotes  the  genome cons is t s  
of  chromosomes  in  which  the  DNA molecules  a re  combined with  bas ic  
pro te ins .  De (1955)  has  sugges ted  tha t  th i s  f inding i s  unders tandable  
in  v iew of  the  work on the  ro le  of  h i  s tones  in  the  d i f fe rent ia t ion  of  
DNA and  tha t  the  absence  of  h is tones  in  procaryotes  may expla in  the  
d i f fuse  s ta te  of  the i r  nuclear  mater ia l .  
Al though the  subce l lu la r  s t ruc ture  and organiza t ion  observed  in  
the  b lue-greens  i s  qui te  d i f fe rent  f rom tha t  of  h igher  organisms,  the  
metabol ic  pa thways  so  fa r  inves t iga ted  in  b lue-greens  a re  in  many 
respec ts  s imi lar  to  those  recognized  in  h igher  organisms (Black  e t  
a l . ,  1953;  Holm-Hansen  and  Brown,  1953;  Fuj i  t a  e t  a l . ,  1954;  Susor  and  
Krogman,  1964;  Berns  e t  a l . ,  1965) .  
Exact ly  how the  procaryote  ce l l s  per form s imi lar  funct ions  to  
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those  of  the  eucaryote  ce l l s  in  which  the  membrane-bound organel les  
a re  recognized  to  spa t ia l ly  segregate  cer ta in  pa thways  i s  in te res t ing  
but  l i t t l e  unders tood.  In  fac t  many of  the  s t ruc tures  recognized  in  
b lue-green  ce l l s  remain  a t  present  chemica l ly  unident i f ied  and the i r  
metabol ic  involvements  a re  even  less  unders tood.  The  present  s tudy  
was  under taken  pr imar i ly  to  s tudy cytoplasmic  inc lus ions  which  appear  
to  be  charac ter i s t ic  of  b lue-green  ce l l s .  A be t te r  ins ight  in to  the  
morphology of  these  s t ruc tures ,  the i r  s t ruc tura l  re la t ionships  and 
poss ib ly  the i r  chemica l  composi t ion  might  a id  in  eventua l ly  de l inea t ing  
the i r  funct ional  re la t ionships  and g iv ing  a  be t te r  unders tanding  of  
the  ce l lu la r  organiza t ion  and metabol i sm of  these  organisms.  
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LITERATURE REVIEW 
Light  Microscopy 
The  s t ruc ture  of  b lue-green  a lga l  ce l l s  has  been  s tudied  for  
many years ,  and  much of  the  l igh t  microscopy work  has  been  rev iewed 
by  Fr i t sch  (1945) .  According  to  these  ear ly  s tudies ,  the  ce l l  
envelope  was  d iv ided  in to  two layers ,  the  inner  inves tment  which  
comple te ly  sur rounded the  pro toplas t ,and  the  ce l l  shea th  which  
enveloped s ingle  ce l l s  in  the  coccoid  forms or  formed a  cy l inder  
around an  en t i re  t r i  chôme in  the  f i lamentous  forms.  The  pro toplas t  
was  genera l ly  d iv ided  in to  two a reas ,  the  cent roplasm and the  chromato-
p lasm.  The  cent roplasm was  repor ted  to  conta in  volu t in  granules ,  
metachromat ic  granules ,  and  polyphosphate  bodies .  Fuhs  (1958a)  
sugges ted  tha t  the  polyphosphate  bodies  were  ident ica l  to  the  meta­
chromat ic  and  volu t in  granules  of  the  o lder  s tudies .  These  granules  
have  been  sugges ted  var ious ly  to  conta in  polyphosphates ,  o rganic  
bases  o r  nucle ic  ac id  (Fr i t sch ,  1945) .  Ebel  and  Mul ler  (1958)  
de termined  tha t  the  presence  of  polyphosphates  was  charac ter ized  by  
a  metachromat ic  co lora t ion  wi th  some bas ic  dyes  inc luding  to lu id ine  
b lue .  They a l so  s ta ined  wi th  methyl  green  and  pyronine  which  was  
used  to  s ta in  nucle ic  ac ids .  The  most  spec i f ic  reagent  for  inorganic  
phosphate  was  found to  be  lead  n i t ra te  a t  pH 3 .5 .  A pos i t ive  reac t ion  
wi th  th i s  reagent  in  assoc ia t ion  wi th  a  pos i t ive  metachromat ic  
reac t ion  permi t ted  pos i t ive  d iagnos is  of  polyphosphate .  
Ta lpasayi  (1963)  descr ibed  polyphosphate  bodies  as  de termined  
by  the  above  procedure .  They were  f reed  f rom the  ce l l  as  d i s t inc t  
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granules  and  showed a  red  f luoresence  of  RNA when v iewed wi th  u l t ra ­
v io le t  l igh t  a f te r  t rea tment  wi th  buffered  acr id ine  orange .  No 
metachromat ic  s ta in ing  was  observed af te r  ex t rac t ion  wi th  10% t r i ­
chloroace t ic  ac id  (TCA).  Fuhs  (1958a)  reported them to  be  in tense ly  
red  when t rea ted  wi th  the  Feulgen  reagent  wi thout  hydrolys is  but  fu l ly  
removed wi th  HCl  a t  50°C.  The  h igh  degree  of  polymer iza t ion  gave  a  
chemica l  reac t ion  s imi lar  to  nucle ic  ac ids ,and  Fuhs  (1958a)  cons idered  
tha t  methyl  green  and  pyronine  could  not  be  used  to  d is t inguish  
nucleic acid content because the polyphosphates gave an even darker 
stain. The polyphosphate bodies were not disturbed by either RNase or 
DNase ,and  Fuhs  concluded tha t  the  granules  conta ined  polyphosphates  
but  not  nuc le ic  ac id .  Casse l  and  Hutchinson (1954)  a l so  repor ted  
negat ive  tes t s  for  metachromat in  o r  polyphosphates  a f te r  d iges t ion  
in  IN HCl  a t  60°C.  This  t rea tment  a l so  removed the  cyanophycin  granules .  
The  cent roplasm a lso  conta ined  what  was  be l ieved  to  be  t rue  chromat in  
in  a  loose  three  d imens ional  ne twork  whose  appearance  var ied  depending  
upon f ixa t ion  and s ta in ing  condi t ions .  Mi to t ic  f igures  have  been  
repor ted ,but  i t  i s  now genera l ly  agreed  tha t  there  i s  no  t rue  chromosome 
o r  membrane-bound nucleus .  The  exac t  mechanism of  ce l lu la r  d iv is ion  
in  these  ce l l s  remains  unsolved .  
The  boundary  be tween cent roplasm and chromatoplasm was  i l l -
def ined ,  but  in  genera l  the  chromatoplasm was  per iphera l  and ,as  the  
name sugges ted ,  conta ined  the  p igments .  In  addi t ion  to  ch lorophyl l ,  
caro tenes ,  and  phycocyanin ,  ce l l s  conta ined  vary ing  amounts  of  
phycoery thr in  and  xanthophyl l s .  The  p igments  were  cons idered  as  
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di f fuse  throughout  the  chromatoplasm or  as  conta ined  in  smal l  ves ic les  
or  granules .  The  photosynthe t ic  product ,  a  g lycogen-! ike  subs tance ,  
was  loca ted  in  the  per iphera l  reg ion ,  but  perhaps  the  most  conspicuous  
components  o f  th i s  area  were  the  cyanophycin  granules ,  genera l ly  
sugges ted  to  be  a  food reserve  subs tance  (Fr i t sch ,  1945) .  
Genera l  E lec t ron  Microscopy 
The  very  smal l  s ize  of  the  vegeta t ive  ce l l s ,  approximate ly  10  
microns  in  d iameter ,  made  the i r  s tudy a t  the  l igh t  microscope  leve l  
d i f f icu l t ,  par t icu lar ly  wi th  respec t  to  subcel lu la r  organiza t ion .  
Recent  work  a t  the  e lec t ron  microscope  leve l  has  done  much to  c la r i fy  
the  s t ruc ture  of  these  ce l l s .  The  many s tudies  inc lude  those  of  
Niklowi tz  and  Drews (1955,  1957) ,  Drews and  Niklowi tz  (1956,  1957) ,  
Fuhs  (1958,  1963) ,  Hopwood and  Glauer t  (1960) ,  Lefor t  (1950a ,  1960b) ,  
Ris  and  Singh (1961) ,  Pankra tz  and  Bowen (1953) ,  Giesy  (1964) ,  and  
Jos t  (1965) .  A genera l  pa t te rn  of  organiza t ion  has  developed f rom 
these  s tudies  and each  succeeding  work  seems to  conf i rm and ex tend  
the  genera l  descr ip t ion .  The  same pro l i fe ra t ion  of  te rminologies  
which  charac ter ized  the  descr ip t ions  g iven  by  the  l igh t  microscopis t s  
i s  evident  in  the  e lec t ron  microscope  s tudies .  
Cel l  Wal l  
Ris  and  S ingh (1961)  descr ibed  the  ce l l  envelope  of  Anacys t i s  
nidulans  as  cons is t ing  of  1)  an  ex ter ior  shea th ,  2)  a  7  mu outer  membrane  
which  had  the  appearance  of  a  typ ica l  uni t  membrane  wi th  vary ing  
degrees  of  undula t ion ,  3)  an  in te rmedia te ,  dense  and  ra ther  homogeneous  
l ayer  or  inner  inves tment  which  was  12-20  mu th ick ,  and  4)  the  7  mu 
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plasma membrane  i t se l f  which  was  a  un i t  membrane .  The  inner  inves tment  
ex tended in to  the  c ross  wal l s  separa t ing  ne ighbor ing  ce l l s .  The  th ree  
inner  layers  were  equiva lent  to  the  inner  inves tment  descr ibed  by  the  
l igh t  microscopis t s .  Pankra tz  and  Bowen (1963)  repor ted  tha t  the  outer  
layer  was  d i f fuse  and,  a l though i t  was  modera te ly  dense  a f te r  OsO.  
s ta in ing ,  i t  d id  not  s ta in  wel l  wi th  KMnO.  and  was  not  be l ieved  to  be  
a  uni t  membrane .  Jensen  (1965)  descr ibed  papi l lae  30-45  mu wide  and  
30-150 mu long  pro jec t ing  f rom the  outer  membrane .  They were  common 
in  severa l  of  the  spec ies  examined,  and  he  specula ted  on  a  poss ib le  
ro le  of  these  papi l lae  in  t r ichôme movement  wi th in  the  shea th .  
Echl in  (1963)  a l so  observed  a  ser ies  of  40-80  mu b lebs  or  pro t rus ions  
around the  ce l l  per iphery .  Thei r  ou ter  boundary  was  formed by the  
outer  membrane ,  and  the  inner  inves tment  pro jec ted  in to  the  pro t rus ions .  
The  e lec t ron-dense  inner  membrane  of  10-15  mu d id  not  take  par t  in  
the  format ion  of  the  pro t rus ions .  
The  s t ruc ture  of  the  ce l l  envelope  of  the  b lue-greens  was  
s t r ik ingly  s imi lar  to  the  model  o f  the  ce l l  wal l  o f  gram-negat ive  
bac ter ia  as  proposed  by  Glaus  and  Roth  (1964) .  In  th i s  model  the  8  mu 
p lasma membrane  and  the  9  mu ce l l  wal l  membrane ,  bo th  of  uni t  na ture ,  
were  separa ted  by a  5-10  mu l ess  dense  inner  layer  sugges ted  to  
conta in  a  mucocomplex  and  to  impar t  r ig id i ty  to  the  ce l l  wal l .  Chemica l  
compar isons  in  wal l  composi t ions  have  been  made  by  Frank e t  a l .  (1962b)  
and  Drews and  Meyer  (1964) .  The  l a t te r  authors  compared  the  wal l s  
of  the  gram-negat ive  bac ter ium Escher ich ia  co l i  wi th  Phormidium uncina tum 
and Anacys t i s  n idulans  and  found muramic  ac id ,  d iaminopimel ic  ac id .  
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glucosamine  and e ight  amino ac ids  in  common. The fac t  tha t  d iamino-
p imel ic  ac id  and muramic  ac id  have  been  repor ted  only  in  the  wal l s  of  
b lue-greens  and  bac ter ia  sugges ts  a  taxonomic  re la t ionship  be tween 
these  groups  (Fogg,  1956;  S tan ier  and  Van Nie l ,  1952) .  The  b lue-green  
ce l l  wal l  was  observed  by  e lec t ron  microscopic  s tudies  to  have  severa l  
l ayers .  I so la ted  ce l l  wal l s  of  Anacys t i s  n idulans  were  shown to  conta in  
polysaccharides ,  prote ins ,  and  l ip ids  in  addi t ion  to  mucopolymers .  No 
morphologica l  pos i t ions  were  sugges ted  for  any  of  the  components  
(Drews and  Gol lwi tzer ,  1965) .  
Pro toplas t s  were  successfu l ly  produced  f rom severa l  b lue-greens  
by  the  ac t ion  of  lysozyme (Crespi  e t  a l . ,  1962) ,  and  i t  was  sugges ted  
tha t  the  lysozyme-sens i t ive  mucopolymers  shared  by the  b lue-green  a lgae  
and  bac ter ia  were  loca ted  be tween the  p lasma membrane  and  the  inner  
inves tment  of  the  b lu^-green  co l l s  (Frank e t  a l . ,  1962a) .  This  muco-
polymer  was  sugges ted  to  be  loca l ized  in  the  inner  layer  of  gram-negat ive  
bac ter ia l  wal l s  (Claus  and  Roth ,  1964) .  
Photosynthe t ic  Appara tus  
The  e labora t ion  of  lamel lae  throughout  the  ce l l  o r  i t s  per iphera l  
reg ions  has  been  noted  by  many workers .  The  concept  of  cent roplasm 
versus  chromatopl  asm became untenable  when the  ex tent  of  these  lamel lae  
and  the  lack  of  a  c lear  demarkat ion  be tween the  lamel lae  and  the  
anas tomosing  nucleoplasm was  observed .  Menke  (1951a)  te rmed these  
lamel la r  uni t s  thy lakoids .  Each  thy lakoid  cons is ted  of  a  f la t tened  
membrane-bound sac .  In  b lue-greens  the  oppos ing  uni t  membranes  may be  
qu i te  c lose ly  appressed  or  be  separa ted  by an  in t ra thylakoida l  space  
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(Drawer t  and  Metzner  1958;  Hopwood and  Glauer t  1950;  Lefor t  1960b;  
Ris  and  Singh 1951;  Pankra tz  and  Bowen,1963) .  Pankra tz  and  Bowen 
observed  f la t tened  thylakoids  averaging  18  mu wide  a f te r  osmium f ixa­
t ion ,  the  6-7  mu un i t  membranes  separa ted  by  a  4-5  mu l ess  dense  space .  
Af ter  KMnO^ f ixa t ion  the  appressed  thylakoid  cons is ted  of  a  3  mu 
e lec t ron-dense  median  reg ion  separa ted  f rom la te ra l  2  mu dense  zones  by  
3  mu l ess  dense  zones ,  dos t  (1965)  s tudied  the  f ine  s t ruc ture  of  
Qsc i l la tor ia  by  severa l  techniques  inc luding  f reeze-e tch ing  and repor ted  
tha t  the  uni t  membranes  of  the  thylakoids  exhib i ted  a  cer ta in  polar i ty .  
He observed  g lobular  par t ic les  on  both  s ides  of  the  membranes .  Those  on  
the  outs ide  were  50-70  A in  d iameter  and  remained  v is ib le  a f te r  negat ive  
s ta in ing .  The  100-200 A par t ic les  observed  on  the  ins ide  of  the  mem­
branes  were  sugges ted  to  be  s imi la r  to  the  quantasomes  of  Park  and  Biggins  
(1964)  and  were  los t  dur ing  the  process  of  negat ive  s ta in ing .  Jos t  
concluded tha t  the  thylakoids  cons is ted  of  a  support  l ayer  wi th  50-70  A 
g lobular  par t ic les ,  a  homogeneous  l amel la r  por t ion ,  and  the  quantasomes .  
The  ques t ion  as  to  whether  the  quantasomes  were  in  or  on  the  membrane  
was  l e f t  open .  Menke  (1955)  sugges ted  tha t  the  thylakoid  membrane  was  
asymmetr ic  wi th  an  inhomogeneous  l ayer  of  35  A g lobules  on  the  outer  
s ide  and a  homogeneous  l ayer  of  a  l ip id  na ture  on  the  inner  s ide .  The  
center - to-center  separa t ion  of  the  g lobular  par t ic les  was  34-40  A,  and  
they  were  sugges ted  to  be  p ro te in .  
The  or ig in  of  the  thylakoids  i s  not  ye t  c lear .  Pankra tz  and  Bowen 
(1963)  favored  the  idea  tha t  the  thylakoids  were  subdiv ided  dur ing  
cy tokines is  by  the  annular  growth  of  the  c ross-wal l ,  and  Chapman and  
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Sal ton  (1952)  sugges ted  they  arose  de  novo f rom the  cent ra l  por t ion  of  
the  ce l l  and  migra ted  to  the  per iphery .  Severa l  workers  have  sugges ted  
tha t  they  may a r i se  f rom the  p lasma membrane  (Pankara tz  and  Bowen,  1953;  
Echl in  and  Morr i s ,  1965;  Jos t ,  1965) .  Echl in  cons idered  tha t  the  
thylakoids  were  a  complex  branching  re t icu lum formed by  ex tens ive  
invagina t ion  of  the  p lasma membrane .  Jos t  proposed  a  model  fo r  the  
format ion  of  the  thylakoid  membranes  by  such  an  invagina t ion .  Smal l  
ves ic les  were  formed by  the  invagina t ion ,  and  the  ves ic les  then  
expanded in to  the  thylakc ida l  sys tem of  the  ce l l .  
P igments  inc luding  chlorophyl l  a ,  xanthophyl l s ,  caro tenes ,  and  
phycobi l ins  a re  found wi th in  the  b lue-green  ce l l .  The  ch lorophyl l  
and  carotene  were  observed  to  be  assoc ia ted  wi th  par t icu la te  e lements  
pe l le ted  f rom the  ce l l  homogenates  (Calv in  and Lynch,  1952;  Pe t rack ,  
1959;  Shatk in ,  1950) .  Calv in  and  Lynch negat ive ly  s ta ined  the  par t ic les  
and observed  rounded 2  u  ves ic les  which  they  cons idered  to  be  grana  
equiva lent  to  those  of  h igher  p lan t  ch loroplas ts ,  but  Shatk in  cons idered  
tha t  the  ves ic les  were a  resu l t  of  membrane  d i s rupt ion .  Pe t rack  
observed  tha t ,  in  addi t ion  to  the  p igments ,  the  photophosphorola t ion  
ac t iv i ty  was  assoc ia ted  wi th  the  par t ic les .  Al though the  chlorophyl l  
and  caro tenoids  appeared  to  be  assoc ia ted  wi th  the  in te rna l  membranes ,  
the  in t race l lu la r  loca l iza t ion  of  the  phycobi l ins  was  l ess  obvious ,  
par t icu lar ly  s ince  they  remained  in  the  superna te  a f te r  cent r i fugat ion .  
Bergeron  (1963)  sugges ted  tha t  the  phycocyanins  were  loca ted  be tween 
the  lamel lae .  Phycocyanin ,  a  water  so luble  pro te inaceous  p igment  was  
usua l ly  re leased  upon ce l lu la r  d is rupt ion .  Recent ly  Susor  and Krogman 
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(1954)  s tudied  photosynthes is  in  p igment-conta in ing  par t ic les  from 
Anabaena  var iab i l i s .  The  phycocyanin  remained  wi th  the  ch lorophyl l  
and  caro tenoids  assoc ia ted  wi th  the  membrane  f ragments  i f  F icol l  were  
added to  the  homogeniz ing  medium.  O 'hEocha  (1965)  reported tha t  
phycocyanins  were  more  readi ly  d issoc ia ted  and denatured  than  the  
phycoery thr ins .  Fuhs  (1964)  repor ted  tha t  the  lamel lae  cons is ted  of  
layers  of  c lose ly  packed 80  A spher ica l  un i t s ,  A prepara t ion  of  
phycocyanin  g iven  to  him by  O 'hEocha  showed a  80  A molecule  a f te r  
negat ive  s ta in ing .  He concluded tha t  the  spher ica l  un i t s  which  formed 
the  photosynthe t ic  lamel lae  were  part ly  phycocyanin  par t ic les .  
Inves t iga t ions  by  Gant t  and  Cont i  (1966)  have  revea led  granules  
a t tached  to  the  ch loroplas t  lamel lae  of  the  red  a lga  Porphyr id ium 
cruentum af te r  a ldehyde  f ixa t ion .  These  35  mu g ranules  were  a r ranged 
in  repea t ing  rows with  a  center - to-center  d is tance  of  40-50  mu.  They 
were  be l ieved  to  be  the  s i te  of  phycoery thr in  concent ra t ion  wi th in  the  
ce l l s .  Such granules  were  observed  in  a  marine  osc i l l  a tor ia - l ike  
organism but  were  not  found in  organisms which  lacked  phycobi l ins .  
Lefor t  (1965)  s tudied  the  endosymbiont  Glaucocystis nos tochinearum 
and repor ted  dense  30  mu g ra ins  d isposed  regular ly  in  the  in te r lamel la r  
spaces  af te r  OsO^ f ixa t ion .  She  sugges ted  tha t  these  gra ins  represented  
a  c ross  sec t ion  of  a  se r ies  of  long  f i lamentous  s t ruc tures  loca ted  on  
the external surface of the lamellae. They were peculiar to symbiotic 
blue-greens ,  and  no  sugges t ion  was  o f fered , for  the i r  chemica l  composi t ion  
or  poss ib le  funct ion .  
The  proposed  funct ions  of  the  thylakoids  inc lude  not  only  photo­
12 
synthes is  but  a l so  resp i ra t ion ,  n i t rogen  fixation, ni t ra te  reduct ion ,  
and  pro te in  synthes is .  Cox e t  a l .  (1954)  s tudied  Anabaena  cy l indr ica  
and found n i t rogen  f ixa t ion  ac t iv i ty  in  the  pe l le t  sediment ing  be tween 
15 ,000 and 35 ,000 g  for  20  minutes ,and  sugges ted  tha t  th i s  f ixa t ion  
ab i l i ty  was  loca ted  in  the  photosynthe t ic  lamel lae  which  conta ined  
chlorophyl l  and caro tenoids .  Cox (1955)  repor ted  tha t  work with  photo-
synthe t ic  inh ib i tors  sugges ted  tha t  some par t  of  the  n i t rogen  f ixa t ion  
process  was  a l l ied  to  the  resp i ra tory  process  ra ther  than the  photo-
synthe t ic  pa thway.  He fur ther  sugges ted  tha t  n i t ra te  reduct ion  may 
be  as  versa t i le  as  n i t ra te  f ixa t ion ,  us ing  e i ther  l igh t  or  dark  genera ted  
reducing  power  and  ATP accord ing  to  prevai l ing  c ircumstances ,  unless  
spa t ia l  organiza t ion  of  the  necessary  enzymes  prevented  th i s .  
Jost (1965)  observed  smal l  cha ins  of  110 A par t ic les  on  the  
thylakoids  in  h is  f reeze-e tched  mater ia l  and  sugges ted  tha t  they  
were  polyr ibosomes .  Jos t  and  Mat i le  (1966)  repor ted  RNA in  a  thylakoid  
f rac t ion  i so la ted  by dens i ty  gradient  cent r i fugat ion .  
Nucleoplasm 
The  presence  of  DNA in  the  cent ra l  reg ion  of  the  ce l l s  as  indica ted  
by  a  pos i t ive  Feulgen  reac t ion  has  been  observed  by  many workers  
inc luding  Casse l  and  Hutchinson (1954) ,  Leak  and  Wilson  (1950) ,  Fuhs  
(1963) ,  and  Pankra tz  and  Bowen (1963) .  
In  a  se r ies  of  s tudies  on  the  na ture  of  the  DNA,  Biswas  (1957a ,  
1957b)  and  Biswas  and  Meyers  (1960a ,  1960b)  de termined  tha t  the  
nucle ic  ac ids  of  the  b lue-greens  contained the  four  common nuc leot ides  
and  methyl  cy t id ine .  They a l so  found a  polysacchar ide  c lose ly  
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assoc ia ted  wi th  the  nucle ic  ac id .  They sugges ted  tha t  the  cent ra l  body 
conta ined  h is tones  bound to  the  nucle ic  ac ids  because  ne i ther  peps in  
nor  t ryps in  d iges ted  the  cent ra l  body.  Treatment  wi th  5% TCA for  
15  minutes  a t  90°C l e f t  the  cent ra l  body in tac t  and sugges ted  to  Biswas  
tha t  the  nucle ic  ac ids  were  bound by  s t ruc tura l  pro te ins .  De (1955)  
t es ted  spec ies  of  Osc i l la tor ia ,  Aphanocapsa ,  Anabaena,and Polycys t i s  
wi th  3  h is tochemica l  t es t s  spec i f ic  for  h is tone .  None of  the  spec ies  
tes ted  showed a  pos i t ive  reac t ion ,  and  he  concluded tha t  the  cent ra l  
body lacked  h is tone .  
The  l ab i l i ty  of  bac ter ia l  nucleoplasm toward  f ixa t ion  was  f i r s t  
demonst ra ted  by  Kel lenberger  e t  a l .  (1958) .  Versene  t rea tment  a f te r  
f ixa t ion  led  to  a  coarse-s t ruc tured  nucleoplasm but  uranyl  ace ta te  
t rea tment  led  ins tead  to  a  f ine  f ibr i l la r  organiza t ion  consis t ing  of  
25  A f ib r i l s .  S imi lar  observa t ions  he ld  for  the  f ixa t ion  of  nucleoplasms 
of  b lue-green  a lgae  (Ris  and  S ingh,  1961) .  They descr ibed  the  cent ra l  
reg ion  of  the  b lue-green .ce l l  as  composed  of  25  A f ib r i l s  and 10-15  mu 
r ibosomes .  The  r ibosomes  a re  preserved  wi th  e i ther  a ldehyde  or  
osmium but  not  wi th  KMnO. f ixa t ion .  Ris  and  Chandler  (1963)  sugges ted  
tha t  DNA f ib r i l s  which  were  not  combined  wi th  bas ic  pro te in  tended to  
agglu t ina te  dur ing  dehydra t ion  unless  complexed wi th  heavy meta l  ions  
such  as  the  uranyl  ion .  De (1965)  sugges ted  tha t  the  absence  of  h is tones  
in  bac ter ia  and b lue-green  a lgae  could  expla in  the  d i f fuse  s ta te  of  the  
nuclear  mater i  a l .  
Inc lus ions  
In  addi t ion  to  the  thylakoids  and  nucleoplasm,  the  b lue-green  
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ce l l  conta ins  a  number  o f  inc lus ions , some of  which  appear  to  be  common 
to  most  b lue-greens ,and  o thers  of  which  appear  to  be  spec ies  or  
co l lec t ion-spec i  f ic .  
Severa l  workers  have  noted  the  appearance  of  smal l  g ranules  
pos i t ioned  between the  thylakoids  (Niklowi tz  and  Drews,  1957;  Ris  and  
S ingh,  1961;  Menke,  1961b;  Pankra tz  and  Bowen,  1963;  Jos t ,  1965) .  
Ris  and  S ingh repor ted  tha t  they  were  heavi ly  s ta ined  wi th  lead  and had  
an  average  d iameter  of  25  mu.  He te rmed these  granules  'g ranular  
inc lus ions '  and  pos tu la ted  tha t  they  were  photosynthe t ic  products .  
Pankra tz  and  Bowen (1963)  descr ibed  30 mu medium-dense  granules  which  
were  f requent ly  e longate ,  ex tended be tween the  lamel lae ,  and  sur rounded 
the  s t ruc tured  granules .  They te rmed them c<-granules  and  sugges ted  tha t  
they  were  a  food reserve  or  had  a  spec i f ic  metabol ic  funct ion  re la ted  
to  photosynthes is  o r  resp i ra t ion .  Giesy  (1964)  s tudied  the  in te r -
lamel la r  granules  in  Osc i l la tor ia  and concluded tha t  s ince  the i r  
appearance  ranged f rom the  ^^( -granules  (Pankra tz  and  Bowen,  1963)  through 
granular  inc lus ions  (Ris  and  S ingh,  1961)  and  c rys ta l l ine  s t ruc tures  
(Menke ,  1961b)  to  the  rod-shaped inc lus ions  observed  in  h is  own s tudy ,  
tha t  these  var ious ly  descr ibed  inc lus ions  were  the  same.  Exposure  
to  2% d ias tase  for  20  minutes  removed both  the  in te r lamel la r  granules  
and  a  PAS-pos i t ive  subs tance  observed  in  the  chromatoplasm by l igh t  
microscopy.  Giesy  concluded tha t  the  granules  were  polyglucos ide  in  
na ture ,and  on the  bas is  of  observa t ions  cor re la ted  wi th  growth  s tudies  
sugges ted  tha t  they  were  food reserves .  Jos t  (1965)  descr ibed  'bo tu l i '  
which  he  cons idered  to  be  the  same as  the  in te r lamel la r  granules  
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descr ibed  by Giesy  (1964) .  The  'bo tu l i '  were  35  mu in  d iameter  and  
approximate ly  300 mu long .  They were  of ten  observed  to  be  hexagonal ly  
packed and  were  sugges ted  to  be  a  reserve  subs tance  re la ted  to  the  
developmenta l  cyc le  of  the  thylakoids .  
Severa l  workers  have  descr ibed  osmiophi l ic  granules  ranging  in  
diameter  f row 30-90 mu (Drews and  Niklowi tz ,  1955;  Fuhs ,  1958b;  Shatk in ,  
1960;  Pankra tz  and Bowen,  1963) .  Fuhs  sugges ted  tha t  they  were  poly­
phosphate ,and  Shatk in  sugges ted  tha t  they  were  s torage  products .  
Pankra tz  and  Bowen (1963)  repor ted  them to  be  found most  f requent ly  
near  the  cross  wal l s  and  a long the  lamel lae .  On the  o ther  hand.  Leak  
and  Wilson  (1965)  repor ted  tha t  they  were  randomly d is t r ibuted  through­
out  the  ce l l .  Thei r  e lec t ron  dens i ty  fo l lowing osmium f ixa t ion  and poor  
preserva t ion  a f te r  KMnO^ f ixa t ion  sugges ted  tha t  they  were  l ipo ida l  
in  na ture .  Pankra tz  and  Bowen (1963)  te rmed these  osmiophi l ic  bodies  
(^granules  and  sugges ted  tha t  they  were  comparable  to  the  osmiophi l ic  
g lobules  observed  in  ch loroplas ts .  
The  osmiophi l ic  g lobules  of  h igher  p lan t  ch loroplas ts  have  been  
s tudied  by many workers  inc luding  Murakami  and  Takamiya  (1962)  and  
Greenwood e t  a l .  (1963) ,  Murakami  and  Takamiya  repor ted  tha t  the  
d iameter  of  g lobules  in  sp inach  ch loroplas ts  var ied  be tween 70  and  
120 mu,and on  the  bas is  of  so lvent  ex t rac t ion  procedures  sugges ted  
tha t  these  g lobules  conta ined  caro tenoids  and  were  l ip id  in  na ture .  
Greenwood e t  a l .  repor ted  tha t  the  g lobules  of  the  Vic ia  faba  ch loroplas t  
were  10-500 mu in  d iameter  and  were  loca ted  throughout  the  ch loroplas t  
mat r ix .  I so la ted  g lobules  conta ined  no measurable  carotene  and these  
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workers  sugges ted  tha t  they  funct ioned  in  the  ch loroplas ts  as  a  genera l  
depos i t  of  inso luble  l ip id  much as  s tarch served  as  the  carbohydra te  
s torage .  
Jensen  and Bowen (1951)  s tudied  the  cent roplasm of  Nostoc  
pruniforme. One inclusion type regularly located in this area was 
roughly  i sodiametr ic  and  exhib i ted  a  polygonal  p rof i le  f rom 50-360 mu 
in  d iameter  when observed  in  c ross  sec t ion .  Because  of  the i r  
charac ter i s t ic  shape  these  bodies  were  te rmed polyhedra l  bodies .  In  
ce l l s  f ixed  wi th  KMnO^,  they  possessed  a  fa i r ly  uni form medium e lec t ron  
density, showed no regular internal structure,and sometimes appeared 
to  be  c lose ly  sur rounded by  an  uns ta ined  shea th  20-30  mu wide .  S imi lar  
bodies  have  been  te rmed formed bodies  (Hal l  and  Claus ,  1952) ,  c rys ta l ­
l ine  granules  (Wildon and  Mercer ,  1963) ,  e lec t ron-dense  bodies  
(Kawamatu ,  1965) ,  and  granular  bodies  (Leak  and  Wilson ,  1965) .  Ris  
and  Singh (1961)  cons idered  tha t  such  bodies  were  the  th ird component  
( in  addi t ion  to  DNA and  r ibosomes)  of  the  nucleoplasm wi th  which  they  
usua l ly  appeared  to  be  c lose ly  assoc ia ted .  Pankra tz  and  Bowen (1963)  
observed  tha t  polyhedra l  bodies  in  Symploca  muscorum were  occas ional ly  
sur rounded by a  5  mu c lear  space  and a  3  mu dark  l ine  after  osmium 
f ixa t ion .  They were  preserved  by  a  var ie ty  of  f ixa t ions  inc luding  
osmium,  potass ium permanganate ,  and  formal  in-osmium.  Cos ter ton  (1960)  
observed  250-500 mu bodies  which  were  assoc ia ted  wi th  the  nucleoplasm 
and,  because  they  were  removed by  ac id  d iges t ion ,  sugges ted  tha t  they  
were  pro te in  bodies .  
The  funct ion  of  the  polyhedra l  bodies  i s  l i t t l e  unders tood but  
Echl in  (1966)  l abe ls  them pro te in  reserves  on  the  bas is  of  Cos ter ton ' s  
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work. Lang (1965) ,  in  a  s tudy  of  he terocys t  development  in  Anabaena> 
repor ted  a  decrease  in  polyhedra l  body s ize  and the i r  gradual  d i s ­
appearance  as  the  he terocys ts  matured .  
Large  dense  granules  have  been  repor ted  of ten  near  the  c ross  wal l s  
(Fuhs ,  1958b)  and  per iphery  of  osmium-f ixed  ce l l s ,  and  they  cor respond 
c lose ly  in  s ize  and pos i t ion  to  the  cyanophycin  granules  descr ibed  by  
l igh t  microscopis t s .  Drews and  Niklowi tz  (1955,  1957)  termed these  
granules  ' s t ruc tured  granules ' ,  and  on  the  bas is  of  te t razol ium and Janus  
green  reduct ion  sugges ted  tha t  they  were  mi tochondr ia l  equiva lents .  
Fuhs  (1958b)  sugges ted  tha t  more  work  should  be  done  before  they  be  
cons idered  mi tochondr ia l  equiva lents .  Fogg (1955)  cons idered  tha t  
the  granules  were  pro te inaceous  and repor ted  them to  have  a  h igh  
a rg in ine  content .  They have  been  sugges ted  to  be  phosphol ip id  in  na ture  
(Fuhs ,  1958b;  Marcenko,  1951/1962) .  Marcenko repor ted  tha t  cyanophycin  
granules  were  not  s ta ined  wi th  Sudan I I I  or  wi th  Janus  green .  Ris  
and  Singh (1961)  cons idered  the  s t ruc tured  granules  of  Drews and  
Niklowi tz  to  be  a  type  of  membrane  d i f fe rent ia t ion  d is t inc t  f rom tha t  
of  the  lamel lae .  Pankara tz  and  Bowen (1953)  observed  s imi lar  granules  
in Symploca muscorum, but failed to find evidence of a membranous 
in te rna l  organiza t ion  or  of  a  l imi t ing  membrane .  The  granules  d id  
show an  in te rna l  pa t te rn  of  i r regular  dense  and  less -dense  reg ions ,  
and  they  were  poor ly  preserved  by KMnO. f ixa t ion .  
In  addi t ion  to  the  inc lus ions  previous ly  descr ibed  which  were  
common to  most  b lue-greens  (^-granules ,  polyhedra l  bodies ,  c^-granules ,  
and  s t ruc tured  granules) ,  there  have  been  many in te res t ing  inc lus ions  
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repor ted  which  were  not  as  wide  spread  in  occurrence  and, in  some cases ,  
appeared  to  be  spec i f ic  to  a  g iven  co l lec t ion  (Ueda ,  1965;  Jensen ,  
1965) .  Severa l  b lue-green  a lgae  conta in  h ighly  re f rac t i le  a reas  ca l led  
gas  o r  pseudovacuoles .  Bowen and  Jensen  (1955)  descr ibed  hexagonal ly  
c lose-packed ar rays  of  gas  ves ic les .  S ingle  ves ic les  had  conica l  
ends  and  ranged from 0.2  to  1 .0  u in  length  wi th  an  average  d iameter  
of  75  mu.  These  ves ic les  were  l imi ted  by a  s ingle  e lec t ron-dense  mem­
brane  2  mu wide  and ,  unl ike  typica l  uni t  membranes ,  th i s  membrane  was  
no t  preserved  by KMnO^ f ixa t ion .  Jos t  (1965)  descr ibed  'hohlsp indeln '  
which  he  observed  in  f reeze-e tched  prepara t ions  and which  appeared  
to  be  s imi lar  to  the  gas  ves ic les  observed  by Bowen and  Jensen  (1965) .  
The  hohlsp indeln  were  about  65  mu in  d iameter ,  o f  var iab le  length ,  
and  had  a  complex  outer  sur face  s t ruc ture  cons is t ing  of  40  A r ibs .  
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MATERIALS AND METHODS 
Cul ture  Techniques  
Ear ly  s tudies  employed Nostoc  muscorum s t ra in  1037 obta ined  as  a  
uni  a lga l  cu l ture  f rom the  Indiana  Univers i ty  cu l ture  co l lec t ion .  This  
cu l ture  was  bac ter ia l ly  contaminated  and  a  Nostoc  sp .  s t ra in  M-12.4 .1  
obta ined  as  a  unia lga l  cu l ture  f rom the  Kaiser  Research  Foundat ion  and  
s  unt i l  i t  was  bac ter ia  f ree  was  adopted  
for  rout ine  use .  This  organism has  recent ly  been  ident i f ied  as  N_.  
muscorum by Dr .  Franc is  Drouet ,  The  s t ra in  exhib i ted  very  f locul len t  
growth  in  both  media  employed and ,  s ince  i t  formed no  c lumps  or  shee ts ,  
i t  was  cons idered  des i rab le  for  the  cur rent  s tudies .  
Two cu l ture  media  were  used  rout ine ly .  Most  o f  the  cu l tures  were  
grown in  Chu (Chu,  1942)  wi th  so i l  ex t rac t  added a t  the  ra te  of  40  
ml  per  l i t e r .  Other  cu l tures  were  grown in  Ger lof f ' s  medium (Ger lof f  
e t  a l . ,  1950) .  One ml  o f  ce l l  suspens ion  was  used  as  inoculum for  
100 ml  o f  medium in  250 ml  Er lenmeyer  cu l ture  f lasks .  Cul tures  were  
genera l ly  main ta ined  on  a  12-hour  a l te rna t ing  dark  and  l igh t  reg ime.  
They were  grown in  h igh- l ight  (100 foot  candles)  for  10-20  days  and  
then  t ransfer red  to  low- l ight  condi t ions  (20  foot  candles) .  The  cu l ture  
chamber  conta ined  f luorescent  l igh t  banks  and  a  s ingle  25-wat t  incan­
descent  bulb .  The  tempera ture  was  main ta ined  a t  approximate ly  20°C.  
An e f for t  was  made  to  use  cu l tures  be tween 2  and  5  weeks  o ld  and to  
s tandard ize  the  t ime of  day  a t  which  cu l tures  were  harves ted .  
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Fixat ion  Procedures  
S ince  the  cu l ture  was  f ine ly  suspended,  whole  ce l l s  were  concen­
t ra ted  f rom the  cu l ture  medium by  cent r i fugat ion  in  a  c l in ica l  cent r i ­
fuge  a t  approximate ly  1 ,000 rpm for  2  minutes .  Cool  4% agar  was  usua l ly  
used  to  so l id i fy  the  concent ra ted  ce l l s  in to  a  b lock  which  could  be  
cu t  in to  smal l  p ieces  and  handled  more  eas i ly  dur ing  the  subsequent  
f ix ing ,  dehydra t ing ,and  embedding  procedures .  Occas ional ly  the  ce l l s  
were  f ixed  in  the  suspended s ta te  and then  put  in to  agar  just  pr ior  to  
dehydra t ion .  Al l  o f  the  pe l le t s  of  subce l lu la r  components  prepared  
by  the  var ious  cent r i fugat ion  processes  requi red  agar  embedding  pr ior  
to  f ixa t ion .  
Severa l  f ixa t ion  procedures  were  employed,and  the  de ta i l s  of  each  
a re  out l ined  in  Appendix  A.  Most  o f  the  ce l l s  were  f ixed  in  1% osmium 
te t roxide  in  veronal  ace ta te  buffer  a t  pH 6 .1  as  descr ibed  by 
Kel lenberger  e t  a l .  (1958)  and  modif ied  for  b lue-greens  by  Pankra tz  
and  Bowen (1953) .  Tryptophan was  omi t ted  from the  f ixa t ive  in  the  
cur rent  s tudies .  Other  f ixa t ives  employed inc luded  4% unbuffered  
potass ium permanganate ,  (Luf t ,  1955;  Mol lenhauer ,  1959)  4% formaldehyde  
(Pease ,  1964)  or  3% phosphate-buffered  g lu tara ldehyde  (Sabat in i  e t  
a l . ,  1953)  wi th  or  wi thout  pos t - f ixa t ion  in  osmium.  Dehydra t ion ,  
in f i l t ra t ion ,  and embedding  in  Epon 812 were  per formed as  descr ibed  
in  Appendix  A.  Severa l  enzyme d iges t ion  procedures  were  employed 
as  out l ined  in  tex t  Figure  1 .  
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Prepara t ion  of  Cel l  Horaogenates  
The  rout ine  homogeniz ing  procedure  employed the  Mickle  d i s in teg­
ra tor .  Cel l s  were  concent ra ted  f rom the  cu l ture  medium by  c rude  
cent r i fugat ion ,  and  the  concent ra ted  sample  was  then  added to  approx­
imate ly  a  ten- fo ld  volume of  0 .2  mm glass  Balb in i  homogeniz ing  beads .  
The  beads  were  presoaked in  the  chosen  homogeniz ing  medium,and the  
to ta l  volume of  beads  and  sample  f i l l ed  the  Mickle  sample  cup .  Two 
s imi la r  samples  were  prepared  and run  in  the  co ld  for  5-25  minutes  
wi th  the  Mickle  ad jus ted  for  maximum disp lacement .  The  resu l t ing  bre i  
was  used  immedia te ly  for  negat ive  s ta in ing  s tudies ,  d i lu ted  and sub­
jec ted  to  d i f fe rent ia l  centr i  fugat ion,  or  layered  d i rec t ly  on a  p re­
pared  gradient  for  dens i ty  gradient  s tudies .  I f  sucrose  or  Ficol l  
(Pharmacia Fine Chemicals) were used during homogenization, however, 
the  bre i  was  not  su i tab le  for  negat ive  s ta in ing .  
Cent r i fugat ion  Procedures  
In  addi t ion  to  rout ine  harves t ing  of  ce l l s  by  low-speed  cent r i -
fugat ion  in  a  c l in ica l  cent r i fuge ,  severa l  o ther  cent r i fugat ion  
procedures  were  employed.  A Spinco  Model  L prepara t ive  cent r i fuge  
wi th  a  #40 head  was  used  for  the  d i f fe rent ia l  cent r i fugat ion .  A 
SW-50 swinging-bucket  ro tor  was  used  on  the  same cent r i fuge  for  the  
dens i ty  gradient  prepara t ions .  Dens i ty  gradients  were  prepared  in  
5  ml  ce l lu lo id  tubes  by  carefu l ly  p ipe t t ing  layers  of  the  des i red  
sucrose  or  sucrose-Pi  co l l  so lu t ions .  Cont inuous  gradients  were  pre­
pared  by  es tab l i sh ing  a  d iscont inuous  gradient  and  permi t t ing  i t  to  
di f fuse  overn ight  a t  4°C,  Discont inuous  gradients  were  used  immed­
ia te ly  a f te r  prepara t ion .  A Sorva l l  SS-3  wi th  a  SM-24 head  and  3  ml  
tubes  was  occas ional ly  used  for  d i f fe rent ia l  cent r i fugat ion .  
Spect rophotometr ic  Measurements  
Absorpt ion  spec t ra  were  obta ined  us ing  a  Beckman DU spec t rophoto­
meter  equiped  wi th  quar tz  cuvet t s .  The  samples  were  d i lu ted  to  f i l l  
the  2  ml  cuvet te .  No quant i ta t ive  de terminat ions  were  made .  The  
absorp t ion  spec t ra  for  the  so lvent  ex t rac t ion  exper iments  were  obta ined  
us ing  a  Bausch  and  Lomb Spect ronic  20  co lor imeter .  
Microscopy 
Sec t ions  were  cu t  wi th  a  DuPont  d iamond kni fe  on  an  LKB Ul t ro tome.  
The  40-80  mu sec t ions  were  rout ine ly  p icked  up on  c lean ,  e tched ,  400-
mesh copper  g r ids ,  but  150-mesh  carbon-coated  formvar-suppor ted  gr ids  
were  used  for  the  negat ive  s ta in ing  procedures .  The  sec t ions  were  
routinely stained 10-15 minutes in methanol-uranyl acetate (Stempak 
and Ward ,  1954) .  Occas ional ly  lead  c i t ra te  s ta in  was  employed (Venable  
and  Coggeshal l ,  1955) .  
Specimens  were  observed  us ing  an  RCA EMU-3F e lec t ron  microscope  
a t  50  kV wi th  e i ther  a  25  u  o r  a  30-40  u  object ive  aper ture .  Some 
of  the  negat ive ly  s ta ined  spec imens  were  observed  a t  100 kV.  Micro­
graphs were taken at 14,000 to 17,000 machine magnification on Kodak 
high  cont ras t  p la tes  which  were  developed for  2-4  minutes  in  Kodak 
D-19 developer ,  o r  Cronar  f i lm which  was  developed for  1-2  minutes .  
The  negat ives  were  rout ine ly  en larged  4 .2  t imes  on  Kodak F2-F5 
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Kodabromide  paper .  
Nega t ive  S ta in ing  Procedure  
The  c rude  b re i  p repared  by  homogeniz ing  the  ce l l s  in  the  Mick le  
d i s in tegra to r  was  decan ted  f rom the  homogeniz ing  beads  and  nega t ive ly  
s ta ined  by  the  loop- f i lm technique  descr ibed  by  Murray  (1963) .  The  
suspens ion  to  be  examined  was  mixed  in  a  smal l  s t a in ing  d i sh  as  
fo l lows :  th ree  drops  o f  suspens ion ,  th ree  drops  o f  4% phosphotungs t ic  
ac id  (PTA)  a t  pH 7 .2 ,  th ree  drops  o f  double -d i s t i l l ed  wate r ,  and  one  
d rop  o f  bovine  serum a lbumin  so lu t ion .  The  mix ture  was  s t i r red  and  
permi t ted  to  s tand  1 -3  minutes  so  tha t  the  l a rger  par t i c les  se t t l ed .  
A 5  mm p la t inum t rans fe r - loop  was  used  to  t rans fe r  a  sample  d rop  to  
a  150-mesh  ca rboned  fo rmvar -coa ted  g r id .  The  spec imen  was  examined  
immedia te ly  a t  e i the r  50  o r  100  kV.  
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OBSERVATIONS 
Sec t ioned  Ce l l s  
Osmi  urn  f ixa t ion  
The  genera l  p rese rva t ion  o f  ce l lu la r  components  a f t e r  osmium 
f ixa t ion  and  urany l  ace ta te  s ta in ing  appeared  exce l len t  (F igure  2 ) .  
Unl ike  o ther  s t ra ins  of  Nos toc  muscorum,  the  s t ra in  employed  fo r  
the  major  pa r t  o f  th i s  s tudy  se ldom had  an  observab le  shea th .  The  
wal l  complex  cons i s ted  o f  two pa r t s ,  the  ou te r  member  and  the  inner  
inves tment .  The  ou te r  membrane  was  o f ten  s l igh t ly  undula to ry  bu t  
measured  6 -8  mu in  wid th  and  exh ib i ted  the  t r ipa r ta te  p rof i l e  o f  a  
un i t  membrane .  The  inner  inves tment  was  usua l ly  observed  as  a  medium 
dense  homogeneous  6 -9  mu zone  approx imate ly  equ id i s tan t  be tween  the  
ou te r  membrane  and  the  p lasma membrane .  The  7 -8  mu p lasma membrane  
appeared  in  p rof i l e  as  a  un i t  membrane  and  had  a  s l igh t ly  undula to ry  
appearance  s imi la r  to  tha t  o f  the  ou te r  membrane  (F igures  2  and  5 ) .  
When sec t ioned  in  ob l ique  p lanes ,  the  inner  inves tment  was  no t  a lways  
ev iden t ,  and  the  reg ion  be tween  the  p lasma membrane  and  the  outer  mem­
brane  appeared  to  con ta in  a  un i form less  dense  mate r ia l  (F igure  2 ) .  
The  pho tosyn the t ic  appara tus  cons i s ted  o f  an  i r regu la r  a r ray  of  
thy lako ids  ex tend ing  th roughout  the  cy top lasm bu t  mos t  o f ten  observed  
in  the  per iphera l  reg ion  o f  the  ce l l .  Af te r  osmium f ixa t ion  and  urany l  
ace ta te  s ta in ing ,  the  thy lakoids  charac te r i s t i ca l ly  appeared  as  a  5 -
par ted  myel in - l ike  complex  15-18  mu wide  cons i s t ing  o f  two ex te r io r  
2 -3  mu dense  zones  separa ted  f rom a  cen t ra l  5 -6  mu dense  zone  by  two 
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2-3  mu l e ss  dense  a reas  (Figure 2) .  Al though  th i s  appressed  condi t ion  
was  mos t  charac te r i s t i c ,  occas iona l ly  the  two un i t  membranes  were  sep­
a ra ted  by  an  in t ra thy lako ida l  space .  
Spher ica l  30-120  mu e lec t ron-dense  ^ -g ranu les  appeared  sca t te red  
th roughout  the  thy lako ida l  reg ion  (F igure  2 ) .  The  25-30  mu ©«^-granules  
were  o f  low e lec t ron-dens i ty  and  were  usual ly  loca ted  be tween  the  
thy lako ids  (F igure  9) ,  bu t  they  were  se ldom wel l  p rese rved  by  osmium 
f ixa t ion .  Many p repara t ions  in  which  the  ^ ( -granu les  were  no t  p rese rved  
showed e lec t ron- t ransparen t  a reas  in  the  in te r thy lako ida l  reg ions .  
Thylako ids ,when  v iewed  in  ob l ique  sec t ion ,were  observed  to  suppor t  a  
regu la r  a r ray  o f  rod  o r  d i sk- l ike  par t i c les  (F igure  5 ) .  The  a r ray  
usua l ly  appeared  to  cons i s t  o f  rods  approx imate ly  6 -7  mu wide  and  25-
40  mu in  l eng th  spaced  6  mu apar t .  
Re la t ive ly  dense  9 -12  mu pa r t i c les  assumed to  be  r ibosomes  
appeared  to  be  concen t ra ted  in  the  nuc leop lasm.  The  anas tomos ing  
nuc leop lasm had  a reas  of  l e ss  e lec t ron-dens i ty  in  which  the  on ly  
observab le  s t ruc ture  was  tha t  o f  a  f ine  ne twork  cons i s t ing  of  DNA 
f ibe rs  (F igures  2  and  5 ) .  A th i rd  component  observed  wi th in  the  
nuc leop lasm was  the  po lygona l  po lyhedra l  body .  S ing le  modera te ly  
e lec t ron-dense_polyhedra l  bod ies  were  usua l ly  200-300  mu in  d iamete r  
and  were  o f ten  observed  in  c lus te r s  (F igures  2  and  3 ) .  A 3 -5  mu 
dense  zone  appeared  to  l imi t  these  bodies  bu t  was  se ldom seen  in  sec t ion  
to  comple te ly  sur round  them.  Where  th i s  zone  appeared  to  be  in te r ­
rup ted ,  the  po lyhedra l  bod ies  appeared  con t inuous  wi th  the  res t  o f  the  
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nuc leop lasm (F igures  2  and  5 ) .  
One  o f  the  l eas t  e lec t ron-dense  components  o f  the  ce l l  was the  
s t ruc tured  granu le  (F igures  2  and  3 ) .  These  g ranu les  were  roughly  
spher ica l ,  ranged  in  s i ze  up  to  500  mu,  and  were  usua l ly  observed  in  
the  per iphera l  por t ions  o f  the  ce l l s .  The  g ranu les  somet imes  con ta ined  
i r regu la r ,more  e lec t ron-dense  a reas  bu t  no  l imi t ing  membrane  was  
ever  observed .  
F igure  6  shows  the  ce l lu la r  components  after OsO^ f ixa t ion  bu t  
without a subsequent stain. In addition to the general lack of contrast, 
severa l  o ther  d i f fe rences  were  observed .  The  ou te r  membrane  and  the  
inner  inves tment  were  no t  read i ly  v i s ib le ,bu t  the  7 -8  mu p lasma 
membrane  was  s t a ined .  Qui te  un l ike  mate r ia l  f ixed  the  same way  bu t  
s t a ined  wi th  urany l  ace ta te  (F igure  2) ,  the  thy lako ids  (F igure  6 )  
appeared  as  a  15-17  mu complex  cons i s t ing  of  two 6 -8  mu dense  l ines  
separa ted  'by  a  3 -4  mu l e ss  dense  space .  The  po lyhedra l  bod ies  were  o f  
un i form low e lec t ron-dens i ty .  A 2 -3  mu s l igh t ly  more  dense  zone  was  
observed  sur rounding  some o f  the  bodies ,bu t  i t  appeared  qu i te  d i f fe ren t  
f rom,  and  l e ss  dense  than , the  un i t  membranes  o f  the  thy lako ids .  The  
s t ruc tured  granu les  (F igure  6 )  appeared  more  e lec t ron-dense  than  a f te r  
s ta in ing  wi th  uranyl  ace ta te  (F igure  3 )  and  con ta ined  i r regu la r  a reas  
o f  even  g rea te r  e lec t ron-dens i ty .  The^-granu les  were  osmiophi l i c  bu t  
the nucleoplasm appeared of low electron-density.throughout. 
Figure  7  shows  the  appearance  o f  ce l l s  s ta ined  wi th  l ead  c i t ra te  
a f te r  OsO^ f ixa t ion .  The  g rea t ly  increased  s ta in ing  of  the  9-12  mu 
r ibosomes  was  the  mos t  s t r ik ing  d i f fe rence  observed  when  compared  wi th  
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the  uns ta ined  ce l l  (F igure  6 ) .  The  oC-granules  and  the  DNA f ib r i l s  
were  a l so  s ta ined ,bu t  the re  was  l i t t l e  change  in  the  appearance  o f  the  
o ther  ce l lu la r  components .  
Glu ta ra ldehyde  f ixa t ion  
Glu ta ra ldehyde  f ixa t ion  a lone  p rov ided  l i t t l e  con t ras t  and  the  
cells were barely distinguishable from the embedding medium. Such 
ce l l s  a f te r  s ta in ing  wi th  uranyl  ace ta te  (F igure  8)  had  a  r e la t ive ly  
h igh  e lec t ron-dens i ty  th roughout  bu t  exh ib i ted  l i t t l e  con t ras t .  Each  
thy lako id  (F igure  3 )  appeared  as  a  4 -5  mu centra l  dense  l ine  f lanked  
on  e i the r  s ide  by  l e ss  e lec t ron-dense  zones  5  mu wide .  The  nuc leo­
p lasm had  a  f ine ly  tex tured  appearance ,  and  the  wel l  p rese rved  po lyhedra l  
bod ies  were  sur rounded  by  a  3  mu e lec t ron-dense  zone .  The  ^ ( -granu les  
and ^-granules were not stained. Cells fixed in glutaraldehyde, 
pos t  f ixed  in  osmium,  and  s ta ined  wi th  urany l  ace ta te  (F igures  9  and  
10) ,  appeared  s imi la r  to  those  f ixed  in  osmium (F igure  2)  bu t<K-granules  
were  more  f requen t ly  observed  (F igure  9 ) .  
In  the  ea r ly  work  employ ing  Nos toc  muscorum 1037 ,  smal l  tubu le ­
l ike  s t ruc tures  12-15  mu in  wid th  and  o f  unde te rmined  l eng th  were  occa­
s iona l ly  observed  a f te r  g lu ta ra ldehyde-osmium f ixa t ion  (F igure  4 ) .  
The  tubu les  had  no  apparen t  a ssoc ia t ion  wi th  o ther  ce l lu la r  s t ruc tures  
and  were  no t  observed  in  Nos toc  muscorum M-12 .4 .1  which  was  used  fo r  
the  major  por t ion  o f  th i s  s tudy .  
Po tass ium permangana te  f ixa t ion  
Ce l l s  f ixed  wi th  KMnO^ and  subsequent ly  s ta ined  wi th  urany l  ace ta te  
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(F igure  11)  had  a  con t ras t  comparab le  to  the  osmium-uranyl  ace ta te  
p repara t ions  (F igure  2 ) .  The  nuc leop lasm assumed a  g rea te r  e lec t ron-
dens i ty  in  compar i son  to  the  per iphera l  cytoplasm.  The  po lyhedra l  
bod ies  showed a  g rea t ly  increased  e lec t ron-dens i ty  bu t  no  sur rounding  
dense  zone  was  observed  a f te r  KMnO.  f ixa t ion .  The  DNA s t rands  were  
v i s ib le  a l though  they  of ten  exhib i ted  a  c lumped  appearance .  The  
/^ -granu les  were  represen ted  by  smal l  round  e lec t ron- t ransparen t  
a reas  (F igure  11) .  The  appearance  o f  ce l l s  f ixed  in  KMnO.  but  no t  
subsequent ly  s ta ined  i s  shown in  F igure  12 .  Each  thy lako id  appeared  
as  a  14-17  mu complex  cons i s t ing  of  two 6 -7  mu un i t  membranes  separa ted  
by  a  3 -4  mu space .  The  po lyhedra l  bod ies  appeared  s l igh t ly  e lec t ron-
dense ,  and  the  nuc leop lasm appeared  f ine ly  granu la r  wi th  reg ions  o f  low 
e lec t ron  dens i ty ,  e spec ia l ly  when  compared  to  the  pos t - s ta ined  ce l l  
(F igure  11) .  The  ^ -granu les  (F igure  12)  were  represen ted  by  smal l  
e lec t ron-dense  r ings ,  bu t  the  s t ruc tured  granu les  were  no t  p rese rved .  
So lven t  Ex t rac t ion  
Unf ixed  ce l l s  and  ce l l s  p rev ious ly  f ixed  in  g lu ta ra ldehyde  were  
t r ea ted  wi th  severa l  so lven ts  (100% methanol ,  100% ace tone ,  o r  20% 
ace tone-80% methanol )  in  an  a t t empt  to  ex t rac t  p igments  and  to  
observe  any  cor re la ted  morpholog ica l  change .  
Unf ixed  ce l l s  were  t r ea ted  wi th  20% ace tone-80% methanol  a s  
descr ibed  by  Gant t  and  Cont i  (1966)  and  f ixed  in  osmium.  The  con t ro l  
cons i s ted  o f  s imi la r ly  f ixed  ce l l s  f rom the  same cu l tu re  which  had  no t  
been  so lven t  t r ea ted .  The  con t ro l  appeared  s imi la r  to  the  osmium-
f ixed  ce l l s  p rev ious ly  descr ibed  (F igure  2 ) ,  bu t  the  t rea ted  ce l l s  were  
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qui te  a l t e red  (F igure  13) .  They  appeared  qu i te  cremated, and  the  ou te r  
membrane  and  inner  inves tment  were  separa ted  f rom the  p lasma membrane  
and  the  p ro top las t .  The  ou te r  membrane  appeared  h igh ly  convolu ted ,  and  
many  smal l  pap i l l ae  were  observed .  The  ce l l  con ten t s  appeared  c lumped  
and  the re  were  myel in - l ike  membranous  whor l s  in  the  cy top lasm.  The  
po lyhedra l  bod ies  remained  recognizab le .  The  thy lako ids  cons i s ted  of  
two 3  mu e lec t ron- t ransparen t  l ayers  separa ted  by  an  e lec t ron-dense  
l ayer  4-5  mu wide .  The  3  mu dense  zones  which  f l ank  th i s  conf igura t ion  
in  the  con t ro l  were  hard  to  d i s t ingu ish  o r  were  absen t .  The  ^ -granu les  
were  a l so  l ess  apparen t  than  those  in  the  con t ro l .  
Because  o f  the  apparen t  ex tens ive  damage  to  the so lven t - t rea ted  
unf ixed  ce l l s ,  ce l l s  were  p re f ixed  wi th  g l  u ta ra ldehyde ,  then  t rea ted  
fo r  1  hour  wi th  e i the r  100% methanol ,  100% ace tone ,  o r  20% ace tone-
80% methanol ,  and  pos t - f ixed  in  osmium.  In  genera l ,  the  ce l lu la r  
p rese rva t ion  was  improved .  The  con t ro l s  appeared  s imi la r  to  g lu ta r -
a ldehyde-osmium f ixed  ce l l s  p rev ious ly  descr ibed  (F igure  10) .  
The  ce l l s  t rea ted  wi th  100% ace tone  had  a  s l igh t ly  granu la r  
appearance .  Few e lec t ron-dense  /^granu les  were  observed  a f te r  the  
so lven t  ex t rac t ion  and  severa l  l e ss -dense  a reas  were  observed  f rom 
which  the  /^ -granu les  may have  been  ex t rac ted  (F igure  14) .  The  appear ­
ance  o f  the  thy lako ids  and  o ther  s t ruc tures  was  s imi la r  to  tha t  o f  the  
con t ro l .  The  absorp t ion  spec t rum of  the  so lven t  ex t rac t  ind ica ted  
ca ro teno id  ex t rac t ion  bu t  l i t t l e  ex t rac t ion  of  ch lorophyl l .  
Ce l l s  t r ea ted  wi th  100% methanol  (F igure  15)  showed a  s l igh t  
derangement  o f  the  thy lako ids  and  the  e lec t ron-dense  ou te r  zones  o f  
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the  thy lako ids  were di f f i cu l t  to  d i s t ingu ish .  Some o f  the  per iphera l  
^granu les  were  removed  l eav ing  l ess  e lec t ron-dense  a reas .  Many o f  
the  more  in te r io r /^ -granu les  remained  in tac t  bu t  th i s  cou ld  be  accounted  
fo r  i f  the  so lven t  g radua l ly  penetrated  the  ce l l .  A th in  e lec t ron-
t ransparen t  zone  was  observed  in te r io r  to  the  inner  inves tment ,  and  the  
p lasma membrane  was  no t  v i s ib le .  This  zone  was  no t  observed  in  e i the r  
the  con t ro l  o r  the  ace tone-ex t rac ted  ce l l s .  Other  ce l l  components  
were  no t  v i s ib ly  changed .  The  absorp t ion  spec t rum of  the  ex t rac t  
ind ica ted  bo th  ca ro teno id  and  ch lorophyl l  ex t rac t ion .  Ce l l s  ex t rac ted  
wi th  20% ace tone-80% methanol  appeared  s imi la r  to  the  methanol -ex t rac ted  
ce l l s  jus t  descr ibed  (F igure  15) ,and  the  absorp t ion  spec t ra  o f  the  
ex t rac t s  were  a l so  s imi la r .  
The  absorp t ion  spec t ra  o f  the  ce l l s  a f te r  so lven t  ex t rac t ion  
ind ica ted  tha t  some o f  the  ch lorophyl l  and  ca ro teno ids  remained  
unex t rac ted ,bu t  the  ce l l s  exposed  to  100% methanol  and  to  20% ace tone-
80% methanol  r e ta ined  re la t ive ly  l i t t l e  ch lorophyl l .  The  phycocyanins  
were  no t  removed  f rom the  ce l l s  by  the  so lven ts  employed .  
Enzyme Trea tments  
Severa l  enzymes inc lud ing  peps in ,  t ryps in ,  chymot ryps in ,  l ipase ,  
deoxyr ibonuclease  (DNase)  and  r ibonuc lease  (RNase)  were  used  in  an  
e f fo r t  to  ex t rac t  known compounds  f rom in tac t  ce l l s  (F igure  1 ) .  
An in i t i a l  exper iment  was  done  in  which  unf ixed  ce l l s  were  exposed  
to  RNase  bu t  the  con t ro l  (which  had  been  exposed  to  buffer  only)  
showed such  ex tens ive  damage  tha t  subsequent  d iges t ions  were  performed 
us ing  p re - f ixed  ce l l s .  The  ce l l s  were  f ixed  wi th  e i the r  g lu ta ra ldehyde  
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or  formaldehyde, r insed ,  incubated in  the  enzyme o r  cor responding  con­
t ro l  condi t ions ,  pos t - f ixed  in  OsO. ,  dehydra ted ,  and  embedded .  
A s tudy  of  F igure  1  shows  that, with  one  excep t ion ,  no  spec i f i c  
ex t rac t ion  a t t r ibu tab le  to  the  enzyme employed  was  a t t a ined .  Of  
pa r t i cu la r  in te res t ,  however ,  were  the  ce l l s  p re f ixed  in  formaldehyde  
and  exposed  to  RNase  accord ing  to  the  method  o f  Jacobson  e t  a l ,  
(1963) .  Al though  the  ce l lu la r  p rese rva t ion  was  l e ss  than des i rab ly  the  
resu l t s  were  cons i s ten t .  The  nuc leop lasm in  the  diges ted  mater ia l  
(Figure 16) consisted of a single, moderately electron-dense mass and 
the  po lyhedra l  bod ies  cou ld  no t  be  seen  as  d i sc re te  en t i t i e s .  The  
con t ro l  (F igure  17)  a l so  exh ib i ted  a  c lumped  appearance ,  bu t  the  po ly­
hedra l  bod ies  remained  s t ruc tura l ly  in tac t .  In  bo th  ins tances  the  ou te r  
membrane  o f  the  ce l l  was  qu i te  undula to ry  and  somet imes  formed papi l l ae  
(F igures  15  and  17) .  The  fo rmat ion  o f  pap i l l ae  was  a l so  common in  
ce l l s  t rea ted  a t  60°C (F igure  21)  o r  wi th  Tr i s  buf fe r  (F igure  20) .  
The  remainder  o f  the  enzyme t rea tments  fa i l ed  to  v i s ib ly  a l t e r  the  
ce l lu la r  components  i f  the  t rea ted  ce l l s  were  carefu l ly  compared  wi th  
the i r  cor responding  con t ro l s .  However ,  severa l  o f  the  con t ro l s  were  o f  
in te res t .  S ince  formaldehyde-osmium f ixa t ion  had  no t  been  employed  in  
the  cur ren t  work  p r io r  to  th i s  s tudy ,  i t  was  in te res t ing  to  no te  
tha t  i t  compared  favorab ly  wi th  the  g lu ta ra ldehyde-osmium f ixa t ion  
of ten  employed  (F igures  18  and  19) .  
In  g lu ta ra ldehyde- f ixed  ce l l s  incuba ted  a t  60°C (F igure  21) ,  
pe r iphera l  e lec t ron-dense  myel in - l ike  whor l s  were  observed .  The  
s t ruc tured  granu les  usua l ly  observed  in  th i s  reg ion  were  no t  found .  
FIXATION* 
4  h r  F  
12  h r  G 
2  h r  G 
2  h r  G 
4  h r  F  
12  h r  G 
2  h r  G 
ENZYME TREATMENT 
RNase  (0 .07%)  in  d i s t .  FLO pH 6 .6  
4  h r .  60OC,  TCA (5%,  4°C,  30  min) .  
RNase  (0 .07%)  in  d i s t .  H^O pH 6 .6  
4  h r ,  60OC,  TCA (5%,  4°C,  30  min) .  
RNase  (0 .08%)  in  d i s t .  hUO,  pH 6 .8  
10  h r ,  37OC.  
RNase  (0 .05%)  in  phospha te  buf fe r  
pH 7 .4 ,  4  h r ,  320C.  
RNase  (0 .07%)  in  Tr i s -HCl  buf fe r  
pH 7.6, 18 hr, 20°C, TCA (5%, 4OC, 
30  min) .  
RNase  (0 .07%)  in  Tr i s -HCl  buf fe r  
pH 7.6, 18 hr, ZO^C, TCA (5%, 4°C, 
30  min) .  
L ipase  (0 .2%)  in  phospha te  buf fe r  
at pH 7.4, 4 hr, 320C. 
COMMENTS 
Spec i f i c  ex t rac t ion .  F igures  16  and  17 .  
Poor  f ixa t ion ,  c rena t ion ,  pap i l l ae .  
No spec i f i c  ex t rac t ion .  F igure  21 .  F ixa t ion  
poor .  S l igh t  c rena t ion  and  fo rmat ion  o f  
pap i l l ae .  Myel in - l ike  whor l s .  
No spec i f i c  ex t rac t ion .  F ixa t ion  poor .  
No spec i f i c  ex t rac t ion .  F ixa t ion  poor .  
•No spec i f i c  ex t rac t ion .  F ixa t ion  poor .  
Wal l s  separa ted  f rom ce l l .  Ce l l s  c rena ted .  
No spec i f i c  ex t rac t ion .  F igure  20 .  F ixa t ion  
poor .  S l igh t  c rena t ion  and  fo rmat ion  o f  
pap i l l ae .  
No spec i f i c  ex t rac t ion .  F ixa t ion  fair. 
*F=Formaldehyde  f ixa t ion  
G=Gluta ra ldehyde  f ixa t ion  
Cel l s  were  pos t - f ixed  in  OsO, af te r  t rea tment .  
F igure  1 .  Enzyme Trea tments  Employed  
FIXATION ENZYME TREATMENT 
2  h r  G Tryps in  (0 .1%)  in  phospha te  buf fe r  
pH 8 .0 ,  4  h r ,  32°C.  
12  h r  G Chymot ryps in  (0 .05%)  in  Tr i s -HCl  
buf fe r  pH 7 .6 ,  18  h r ,  20°C 
4  h r  F  Chynio t ryps in  (0 .05%)  in  Tr i s -HCl  
buf fe r  pH 7 .6 ,  18  h r ,  20°C.  
2  h r  G Peps in  (0 .15%)  in  0 .01  N MCI ,  4  
hr. 320c. 
12  h r  G DNase  (1%)  in  0 .003  M MgSO, pH 
6 .6 ,  4  h r ,  200C,  TCA (5%, 40C,  
30  min . )  
4  h r  F  DNase  (1%)  in  0 .003  M MgSOa pH 
6 .6 ,  4  h r ,  20OC,  TCA (5%,  40C,  
30  min . )  
F igure  1 .  con t inued  
COMMENTS 
No spec i f i c  ex t rac t ion .  F ixa t ion  f a i r .  
No spec i f i c  ex t rac t ion .  F igure  19 .  F ixa t ion  
fa i  r .  
No spec i f i c  ex t rac t ion .  F igure  18 .  F ixa t ion  
fa i  r .  
No spec i f i c  extraction. Figures  23, 24,and 
25. Polyhedra l  bod ies  removed .  S l igh t  
fo rmat ion  of  pap i l l ae .  
No spec i f i c  ex t rac t ion .  Ce l l s  g ranu la r .  
F ixa t ion  poor .  
No spec i f i c  ex t rac t ion .  F ixa t ion  poor .  
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Figures  23, 24 ,  and  25  show the  range  o f  va r ia t ion  observed  in  the  ce l l s  
exposed  to  0 .01  N HCl  which  was  the  con t ro l  fo r  the  peps in  t rea tment .  
There  was  a  s l igh t  fo rmat ion  o f  pap i l l ae  f rom the  ou te r  membrane  
(F igure  24) .  The  nuc leop lasm was  very  e lec t ron-dense  and  had  a  c lumped  
ra ther  than  f ib r i l l a r  appearance .  The  appearance  o f  the  po lyhedra l  
bod ies  var ied  g rea t ly  and  was  pa ra l l e led  by  s imi la r  changes  in  the  in te r -
thy lako ida l  reg ions  o f  the  ce l l .  In  some ce l l s  they  were  to ta l ly  
removed  (F igure  23) ,  but  in  o thers  they  were  observed  as  e lec t ron-
t ransparen t  reg ions  con ta in ing  smal l  c lumped  f ib r i l s  (F igure  25) .  
The  s t ruc tured  granu les  were  a l so  removed  by  th i s  ac id  t rea tment  
(Figure 22). 
Cel l  Homogena tes  
Sec t ioned  pe l  1e t s  
Ce l l s  homogenized  in  var ious  media, inc lud ing  d i s t i l l ed  wate r  and  
Tr i s  buf fe r  a t  pH 7 .2 ,  were  sub jec ted  to  d i f fe ren t ia l  cen t r i fuga t ion .  
In  genera l ,  whole  ce l l s ,  wal l  f ragments ,  and  l a rge  thy lako id  f ragments  
were  pe l le ted  f i r s t .  Increas ing  cen t r i fuga l  fo rces  brought  down 
inc reas ing ly  smal le r  thy lako ida l  f ragments  and  f ina l ly  smal l  f ib r i l s  
on ly .  The  b lue  phycocyanin  p igment  cou ld  no t  be  pe l l e ted  f rom so lu t ion  
by  fo rces  as  g rea t  as  105 ,000  g  fo r  2  hours .  The  compos i t ion  o f  the  
success ive  pe l le t s  over lapped  cons iderab ly ,  g iv ing  no  c lea r -cu t  
separa t ion  of  subce l lu la r  pa r t i c les .  
Severa l  subce l lu la r  components  inc lud ing  po lyhedra l  bod ies  and  
s t ruc tured  granu les  were  no t  observed  in  the  ea r ly  work ,  and  s ince  the  
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cen tn ' fuga t ion  procedures  requ i red  cons iderab le  t ime  to  comple te ,  i t  
was thought that fixation of the cells prior to homogenization might 
s tab i l i ze  these  s t ruc tures .  Ce l l s  f ixed  in  osmium o r  g lu ta ra ldehyde  
p r io r  to  homogeniza t ion  were  d i f f i cu l t  to  rup ture .  Whole  ce l l s  and  
l a rge  f ragments  were  common,  bu t  few components  were  re leased  f ree  in to  
the  medium and  no  sa t i s fac to ry  separa t ion  was  ach ieved .  However ,  f ix ­
a t ion  a f te r  ce l l  homogeniza t ion  bu t  p r io r  to  cen tn ' fuga t i  on  d id  no t  
apprec iab ly  a l t e r  the  appearance  o r  behav ior  o f  the  par t i c les  when  
compared  wi th  unf ixed  p repara t ions .  
At tempts  to  i so la te  po lyhedra l  bod ies  fo l lowing  disruption of  
the  ce l l s  in  buf fe r s  o r  d i s t i l l ed  wate r  a lone  fa i l ed .  The  f i r s t  
successful isolation was achieved in a medium of 20% Ficol 1-17% sucrose-
0 .01  M NaCl  and  subsequent ly  in  the  same medium wi thout  F ico l l .  The  
ce l l  b reakage-was  decreased  in  these  v i scous  media .  The  po lyhedra l  
bod ies  were  found  d i s t r ibu ted  th roughout  the  var ious  pe l le t s  a f te r  
d i f fe ren t ia l  cen t r i fuga t ion ,  bu t  appeared  mos t  numerous  in  the  pe l le t  
ob ta ined  be tween  5 ,000-8 ,000  g .  The  po lyhedra l  bod ies  f reed  f rom the  
ce l l s  (F igures  26 ,  27 ,and 29)  appeared  s imi la r  to  those  observed  in  
in tac t  ce l l s .  They  remained  very  e lec t ron-dense  and  the i r  charac te r i s ­
t i c  polygona l  p rof i l e  was  observed .  They  were  surrounded by  2 -5  mu 
e lec t ron-dense  'membranes '  bu t  no  un i t  na ture  was  d i sce rned .  In  
severa l  o f  the  i so la ted  po lyhedra l  bod ies  (F igures  25  and  27) ,  the re  
appeared  a  c lea r  zone  be tween  the  body  i t se l f  and  the  assoc ia ted  
'membrane ' .  Al though  mos t  bod ies  appeared  homogeneous  (F igures  26  
and  27) ,  severa l  appeared  pa r t i a l ly  empty  wi th  on ly  g ranu la r  mate r ia l  
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remain ing  (F igures  28 and  29) .  Occas iona l ly  p rof i l es  were  observed  
o f  po lyhedra l  body  'membranes '  devo id  o f  con ten t s  bu t  r e ta in ing  
the i r  angula r i ty  (F igure  28) .  In  homogenized  mate r ia l ,  the  bodies  
o f ten  appeared  to  re ta in  the  c lose  assoc ia t ion  wi th  one  ano ther  
(F igures  27  and  28)  which  was  observed  in  sec t ioned  ce l l s  (F igures  
2 ,  3 ,  and  10) .  The  po lyhedra l  bod ies  usua l ly  appeared  f ree  f rom 
o ther  ce l lu la r  components ,  bu t  occas iona l ly  they  appeared  to  be  very  
c lose ly  assoc ia ted  wi th  the  thy lako ida l  f ragments  (F igure  25) .  
S t ruc tured  granu les  have  been  observed  in  severa l  p repara t ions  
bu t  r e la t ive ly  pure  f rac t ions  were  no t  ob ta ined .  S t ruc tured  granu les  
observed  in  g lu ta ra ldehyde-osmium f ixed  ce l l  homogena tes  (F igure  30)  
appeared  qu i te  homogeneous  wi th  dense  wr ink les  near  the  per iphery  
sugges t ing  a  rough  su r face .  After  osmium f ixa t ion  (F igure  31) ,  the  
same roughened  sur face  was  apparen t ,  and  the re  were  smal l  l e ss  dense  
a reas  wi th in  the  g ranu les .  S t ruc tured  granu les  f ixed  in  osmium and  
exposed  to  e thanol  (F igure  32)  appeared  to  be  pa r t i a l ly  d i sso lved  
and  c lumped  toge ther  in  aggrega tes .  
In  an  e f fo r t  to  increase  the  degree  o f  separa t ion  of  var ious  
components ,  ce l l  homogena tes  were  sub jec ted  to  dens i ty  g rad ien t  
cen t r i fuga t ion .  The  var ious  l ayers  ob ta ined  were  harves ted  f rom the  
bo t tom of  the  tube  by  a  punc ture  wi th  a  spec ia l ly  des igned  need le  
dev ice .  Af te r  cen t r i fuga t ion  a t  100 ,000  g  on  a  60-20% sucrose  g rad ien t  
the re  was  a  th ick  green  pe l le t  a t  the  tube  bo t tom and  b lue  p igment  
in  the  sample  l ayer  a t  the  tube  top .  The  in te rmedia te  banding  was  
qu i te  var iab le ,  bu t  the re  usua l ly  was  a  ye l low band  rang ing  f rom 
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dis t inc t  to  ra ther  d i f fuse  near  the  tube  bottom. When th i s  band  was  
ha rves ted ,  i t  was  found  to  have  an  absorp t ion  maximum near  440  mu.  
A pe l l e t  o f  th i s  mate r ia l  p repared  fo r  e lec t ron  microscopy  (F igure  
35)  was  observed  to  con ta in  thy lako ida l  ves ic les  wi th  an  average ,  
d iamete r  of  approx imate ly  250  mu and  a  h igh  p ropor t ion  of  y^-granu les .  
Occas iona l ly  the^-granu les  appeared  to  be  assoc ia ted  wi th  the  
thy lako ida l  ves ic les .  In  lower  speed  pe l le t s  f rom s tud ies  in  which  
the  thy lako ida l  sys tem was  l e ss  d i s rup ted  (F igure  33) ,  the  /^ -granu les  
were  assoc ia ted  wi th  the  thy lako ids ,  and  as  many  as  th ree  o r  four  
membranes  appeared  to  in te r sec t  a t  a  ^ -granu le .  
Frac t ions  f rom the  dens i ty  g rad ien t  cen t r i fuga t ions  were  over ­
lapp ing  and  the  smal l  vo lume o f  mate r ia l  ob ta ined  on  harves t  was  easy  
to  lose  in  the  subsequent  r epe l le t ing  and  p repara t ion  fo r  e lec t ron  
microscopy .  
Occas iona l ly  f ragments  o f  the  ce l l  enve lope  were  observed  (F igures  
27 ,  35 ,  and  37) .  Both  the  ou te r  membrane  and  the  p lasma membrane  
r e ta in  the  appearance  o f  un i t  membranes  (F igure  35) .  The  inner  inves t ­
ment  i s  v i s ib le  as  a  compara t ive ly  e lec t ron-dense  zone .  Of ten  the  
plasma membrane does not appear with the wall fragments (Figure 27) 
but  i t  i s  perhaps  pu l led  away  as  the  ce l l  con ten t s  a re  los t  (F igure  
37). 
In  one  o f  the  ea r ly  f rac t iona t ion  s tud ies ,  Nostoc muscorum 
s t ra in  1037  was  employed  and  a  h igh  speed  pe l le t  was  ob ta ined  
(F igure  34)  which  con ta ined  15  mu x  100  mu rod  o r  tubu le - l ike  
s t ruc tures .  These  rods  appeared  to  have  4 -5  mu e lec t ron-dense  zones  
on  each  s ide  and  an  e lec t ron- t ransparen t  in te r io r  reg ion  g iv ing  the  
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appearance  o f  a  smal l  tubu le .  Al though  such structures have  no t  
been  regu la r ly  observed  in  homogena tes  o f  s tra in  M-12.4 .1 ,  s imi la r -
appearing rods were occasionally observed (Figure 27). These rods 
were  12-15  mu wide  and  100  mu in  l eng th  bu t  appeared  to  be  o f  un i form 
e lec t ron-dens i ty .  
Thylako ids  separa ted  f rom ce l l s  which  were  homogenized  in  wate r  
and subsequently prepared for electron microscopy, had a smooth surface 
(F igure  33)  and  mos t  typ ica l ly  appeared  as  expanded  ves ic les .  As  the  
speed  requ i red  to  sed iment  the  f ragments  was  inc reased ,  the  s ize  of  
the  ves ic les  ob ta ined  decreased .  Mos t  thy lako id  f ragments  pe l l e ted  
f rom a  sucrose  homogeniz ing  medium a l so  had  a  smooth  su r face  and  
re ta ined  the i r  70  mu un i t  membrane  p rof i l es  (F igure  41) .  When F ico l l  
was  employed  in  the  medium,  i so la ted  thy lako id  f ragments  had a  coarse  
o r  rough  sur face  (F igure  38)  and  in  ce r ta in  cases  were  seen  to  be  
s tudded  wi th  75-90  A pa r t i c les .  The  pa r t i c les  were  seen  on  the  ou te r  
sur face  o f  the  expanded  thy lako ida l  ves ic le .  Somet imes  the  thy lako ids  
remained  re la t ive ly  unexpanded  and  appeared  appressed  (F igure  40)  
s imi la r  to  those  observed  in  sec t ioned  ce l l s .  E longa te  p ro jec t ions  were  
observed  on  the  ex t ra thy lako ida l  su r faces  bu t  the  in t ra thy lako ida l  
spaces appeared structureless. These projections were 4-7 mu wide 
but  va r ied  in  l eng th .  Ce l l s  which  f a i l ed  to  be  d i s rup ted  in  the  F ico l l  
medium appeared  very  wel l  p rese rved  (F igure  43) .  The  thy lako ids  in  
these  ce l l s  o f ten  appeared  to  be  s tudded  wi th  5 -7  mu p ro jec t ions  
which  were  regu la r ly  spaced  and  about  6  mu apar t  (F igures  43  and  44) .  
These  p ro jec t ions  c lose ly  resembled  those  observed  in  F igure  40  and  
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were  fu r ther  sugges t ive  o f  the  membrane  pa r t i c les  observed  in  
F igure  5 .  
An e f fo r t  was  made  to  s tab i l i ze  ce l lu la r  components  by  b reak ing  
the  unf ixed  ce l l s  in  a  1% so lu t ion  of  g lu ta ra ldehyde .  The  homogeniza-
t ion  took  20  minutes  and  many  o f  the  ce l l s  remained  in tac t  o r  on ly  
s l igh t ly  broken .  The  ce l l  f ragments  which  were  re leased  however  were  
qu i te  in te res t ing .  Few o f  the  thy lako id  f ragments  were  fu l ly  expanded  
(F igures  39  and  42)  and  mos t  r e ta ined  a  pa r t i a l ly  appressed  p rof i l e  
wi th  on ly  nar row in t ra thy lako ida l  spaces .  Some o f  the  membranes  
(F igure  42)  appeared  to  suppor t  20-30  mu g lobu la r  pa r t i c les  on  the i r  
ou te r  sur face .  In  ob l ique  sec t ion  these  par t i c les  appeared  to  be  
a r ranged  in  rows  approx imate ly  35  mu apar t .  In  o ther  ins tances  the  
thy lako ids  appeared  s l igh t ly  more  expanded  (F igure  39) ,  and  smal l  
pa r t i c les  approx imate ly  6 -7  mu wide  and  10  mu long  were  observed  on  
the  oute r  sur face .  These  resembled  the  par t i c les  observed  in  F igure  
40  bu t  appeared  be t te r  p rese rved .  Granules  roughly  15  x  45  mu a l so  
appeared  to  be  a t t ached  to  some o f  these  membranes .  I t  i s  no t  c lea r  
whether  the  presence  o f  such  g ranu les  was  due  to  be t te r  p rese rva t ion  
of  the  components  o r  to  a  c lumping  e f fec t  no t  observed  in  o ther  
p repara t ions .  
Nega t ive ly  s ta ined  prepara t ions  
Samples  f rom unf ixed  homogena tes  which  were  p repared  immediately 
fo r  e lec t ron  microscopic  observa t ion  were  f a r  super io r  to  those  prepared  
f rom g lu ta ra ldehyde  o r  osmium-f ixed  homogena tes .  However ,  t he  f resh  
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samples  seemed to  de te r io ra te  rap id ly ,and  by  30  min? j tes  a f t e r  ce l l  
rup ture  much of  the  po ten t ia l  de ta i l  was  los t  f rom the  p repara t ion .  
Ce l l  homogena tes  p repared  in  the  Mickle dis in tegra to r  and  nega t ive ly  
s ta ined  wi th  1% u rany l  fo rmate  o r  4% PTA were  p laced  on  ca rboned  
fo rmvar -coa ted  g r ids  and  observed  immedia te ly .  
The  thy lako id  f ragments  observed  in  these  p repara t ions  varied 
f rom ves icu la r  o r  tubu la r  e lements  to  f l a t  shee t s  (F igures  45 ,  47 ,  48 ,  
and  49) .  Of ten  the  tubu la r  reg ions  showed an  expaaded  bu lbous  end  
o r  ho les  a t  which  bu lbous  o r  tubu la r  evag ina t ions  cou ld  have  broken  
o f f  (F igure  48) .  The  l e ss  d i s rup ted  f ragments  (F igure  45)  ware  
sugges t ive  o f  a  con t inuous  anas tomos ing  tubu la r  ne twork .  The  su r face  
o f  the  thy lako ids  var ied  f rom a  smooth  (F igures  47  and  48)  to  a  
s t ipp led  appearance  (F igure  45  and  49) .  In  the  most pronounced case  
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(F igure  49) , the  membrane  pa r t i c les  had  an  average  d iamete r  o f  7 .5  mu.  
Smal l  rod-shaped  part ic les  (F igures  47  and  48)  averag ing  14  x  93  mu 
were  observed  in  assoc ia t ion  wi th  some o f  the  thy lako ids .  They  appeared  
s ing ly  (F igure  47)  o r  in  packe t s  o f  two o r  th ree  (F igure  48) .  These  
rods  appeared  homogeneous  and  were  s imi la r  in  d imens ions  to  those  
observed  in  sec t ioned  homogena tes  o f  s t ra in  M-12 .4-  . 1  (F igure  27)  
and  s t ra in  1037  (F igure  34) .  
E lec t ron- t ransparen t  g lobules  rang ing  from 60  -120  mu in  d iamete r  
were  observed  in  nega t ive ly  s ta ined  prepara t ions  (  F igures  45 ,  48 ,  
and  49)  and  were  cons idered  to  be  the  ^ -granu les .  They  somet imes  
appeared  f ree  f rom o ther  ce l lu la r  components  bu t  i -ze re  o f ten  observed  
in  assoc ia t ion  wi th  the  thy lako ids  (F igure  45) .  
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Although  o< . -granu les  were  no t  observed  in  pe l le t s  o f  ce l l  
hon iogena tes ,  they  were  observed  a f te r  nega t ive  s ta in ing  (F igure  45)  
and  appeared  s imi la r  to  those  observed  in  sec t ioned  ce l l s  (F igure  9 ) .  
They  were  composed  o f  two approx imate ly  equa l  pa r t s  jo ined  a t  a  
s l igh t  cons t r i c t ion  (F igure  45) .  The  i so la ted  granu les  averaged 30  mu 
wide  and 70  mu long  and  were  o f  un i form dens i ty  excep t  a t  the  more  
e lec t ron-dense  mid l ine .  The  subs t ruc ture  was  much  more  ev iden t  
a f t e r  s ta in ing  wi th  uranyl  fo rmate  (F igure  46)  than  wi th  PTA 
(F igure  49) i  
No s t ruc tures  which  correlated wel l  wi th  s t ruc tured  granu les  o r  
po lyhedra l  bod ies  were  observed  in  nega t ive ly  s ta ined  prepara t ions .  
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DISCUSSION 
The  Ce l l  Enve lope  
The  absence  o f  a  shea th  in  the  organ ism s tud ied  was  su rpr i s ing  
bu t  may  be  re la ted  to  the  s t ra in  employed ,  the  age  o f  the  cu l tu re ,  
o r  i t s  growth  hab i t .  Nos toc  muscorum s t ra in  1037  which  was  used  in  
the  ea r ly  work was  observed  to  have  a  shea th  and  t ended  to  grow in  
th in  shee t s .  N_.  muscorum s tra in  M-12 .4 .1  exhib i ted  a  very  f locu l len t  
growth  and  no  shea th  was  observed .  Cul tu res  o f  M-12.4 .1  were  
usua l ly  2 -3  weeks  o ld  when  ha rves ted  fo r  s tud ies  bu t  o lder  cu l tu res  
o f  1037  were  employed .  
The  s t ruc ture  o f  the  remainder  o f  the  ce l l  enve lope  (F igures  2 
and  5 )  i s  in  genera l  agreement  wi th  the  observa t ions  by  Ris  and  S ingh  
(1961)  on  severa l  r e la ted  organ isms .  The  dense  inner  inves tment  in  
the  Nos toc  s tud ied  in  the  cur ren t  work,  however ,  averages  10  mu in  
wid th  as  compared  to  20  mu fo r  the  Nos toc  employed  by  Ris  and  S ingh .  
This  d i f fe rence  i s  no t  su rpr i s ing  s ince  the  inner  inves tment  was  
observed  to  vary  in  wid th  f rom 10  mu in  Anacys t i s  to  200  mu in  
Osc i l l a to r ia  (Ris  and  S ingh ,  1961) .  The  inner  inves tment  was  observed  
to  be  approx imate ly  equ id i s tan t  (6  mu)  f rom the  ou te r  membrane  and  the  
p lasma membrane  bu t  the  in te rven ing  reg ions  appeared  to  be  f i l l ed  
wi th  a  l e ss  e lec t ron-dense  subs tance  and  d id  no t  appear  to  be  an  
artifact of fixation as suggested by Echlin and Morris (1965). 
In  ce l l  homogena tes  the  ce l l  enve lope  was  somet imes  observed  
in tac t  (F igure  36% and  the  fac t  tha t  the  l ayers  were  assoc ia ted  and  
the  ou te r  membrane  and  p lasma membrane  reta ined  the i r  respec t ive  
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dis tances  f rom the  dense  inner  inves tment  fu r ther  sugges ted  tha t  the  
in te rmedia te  reg ions  were  no t  a r t i fac t  bu t  indeed  con ta ined  some l e ss  
dense  subs tance .  
The  genera l  s t ruc ture  of the  Nos toc  ce l l  enve lope  was  s imi la r  to  
tha t  proposed  by  Claus  and  Roth  (1964)  fo r  the  gram-nega t ive  bac te r ia  
in  which  the  s t ruc tura l ly  s imi la r  wal l  and  p lasma membranes  were  
separa ted  by  a  5 -10  mu l e ss  dense  ' inner  l ayer ' .  In  ce r ta in  p lanes  o f  
sec t ion  th rough  b lue-green  wal l s ,  the  reg ion  be tween  the  ou te r  membrane  
and  the  p lasma membrane  appeared  homogeneous  bu t  i t  was  approx imate ly  
20  mu th ick .  The  re la t ionsh ip  of  the  dense  inner  inves tment  usua l ly  
observed  wi th in  th i s  reg ion ,  to  the  ' inner  l ayer '  o f  the  gram-nega t ive  
bac te r ia  i s  no t  c lea r .  Claus  and  Roth  (1964)  sugges ted  tha t  the  inner  
l ayer  con ta ined  the  mucocomplex  which  impar ted  r ig id i ty  to  the  wal l .  
Al though  b lue-greens  a re  known to  con ta in  a  s imi la r  mucopolymer  and  
p ro top las t s  have  been  fo rmed  in  severa l  spec ies  by the  ac t ion  of  
lysozyme (Cresp i  e t  a l . ,  1952)  i t  i s  no t  ye t  c lea r  where  th i s  muco­
po lymer  i s  loca ted  wi th in  the  wal l .  Frank  e t  a l ,  (1962a)  sugges ted  
tha t  i t  was  loca ted  in  the  reg ion  be tween  the  inner  inves tment  and  the  
p lasma membrane .  The  7 -8  mu p lasma membrane  was  observed  as  descr ibed  
by  Lefor t  (1960b)  and  behaved  s imi la r ly  to  the  un i t  membranes  of  the  
thylakoids with respect to fixation and staining procedures (Figures 
5 ,  6 ,  7 ,  11 ,  and  12) .  The  ou te r  membrane  and  the  inner  inves tment ,  
however ,  were  no t  v i s ib ly  s ta ined  a f te r  OsO,  (F igure  6)  or  KMnO^ f ixa t ion  
(F igure  12)  bu t  d id  inc rease  g rea t ly  in  e lec t ron-dens i ty  a f te r  the  
subsequent  u rany l  ace ta te  s ta in ing  (F igures  2  and  5 ) .  
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This  sugges ted  a  chemica l  d i f fe rence  be tween  the  ou te r  membrane and  
the  p lasma membrane .  Th is  d i f fe rence  was  a l so  ind ica ted  by  some o f  the  
so lven t  ex t rac t ion  s tud ies .  The  p lasma membrane  was  removed  by  methanol  
(F igure  15)  o r  ace tone-methanol  t r ea tment ,  bu t  bo th  the  inner  inves t ­
ment  and  the  ou te r  membrane  were  s t i l l  c lea r ly  v i s ib le .  Al though  
the  appearance  o f  the  ou te r  membrane  and  the  p lasma membrane  were  s imi la r  
in  s t a ined ,  f ixed  ce l l s ,  i t  i s  sugges ted  tha t  the ir  chemica l  compos i t ions  
a re  qu i te  d i f fe ren t  and  tha t ,  in  par t i cu la r ,  the  p lasma membrane  has  
a  g rea te r  l ip id  con ten t .  
Pap i l l ae  assoc ia ted  wi th  the  ou te r  membrane  and  resembl ing  those 
descr ibed  by  severa l  workers  (Ech l in  1963a ,  1953b;  Jensen  1965)  were  
observed .  They  were  pos tu la ted  by  Jensen  to  p lay  a  ro le  in  f i l ament  
movements .  Mos t  we l l  p rese rved  ce l l s  (F igures  2 ,  5 ,  and  10)  d id  no t  
show these  pap i l l ae  bu t  under  severa l  exper imenta l  condi t ions  they  were  
qu i te  ev iden t .  The  fo rmat ion  of  pap i l l ae  was  observed  in  some o f  the  
prepara t ions  assoc ia ted  wi th  enzyme s tud ies ,  bu t  the  b lebb ing  seemed 
to  be  mos t  common in  ce l l s  incuba ted  a t  50°C (F igures  20  and  21)  o r  
in  ac id  condi t ions  (F igure  24)  and  no t  cor re la ted  to  the  enzyme 
employed .  Ce l l s  t r ea ted  wi th  20% ace tone-80% methanol  p r io r  to  
f ixa t ion  showed the  mos t  p rominen t  b lebb ing  (F igure  13) .  The  wal l  was  
separa ted  f rom the  under ly ing  p lasma membrane  and  p ro top las t ,  and  
a l though  the  undula to ry  ou te r  membrane  appeared  to  be  in  con tac t  wi th  
the  inner  inves tment ,  the  l a t t e r  l ayer  was  no t  observed  to  ex tend  in to  
the  pro jec t ions  as  repor ted  by  Echl in  and  Morr i s  (1955) .  The  f ac t  
tha t  wel l  p rese rved  ce l l s  fa i l ed  to  show the  presence  of  pap i l l ae .  
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coupled  wi th  the  observa t ion  tha t  when  p resen t  they  were  accompanied  
by  r a ther  poor  f ixa t ion  of  the  en t i re  ce l l  sugges t s  tha t  the  appear ­
ance  o f  such  pap i l l ae  in  Nos toc  muscorum i s  a  f ixa t ion  a r t i fac t  
ra ther  than  a  normal  condi t ion  o f  the  ce l l .  
Photosyn the t ic  Appara tus  
The  pho tosyn the t ic  un i t s  o f  Nos toc  muscorum,  the  thy lako ids ,  were  
d i s t r ibu ted  th roughout  the  cy top lasm wi th  the  major i ty  pos i t ioned  near  
the  ce l l  pe r iphery .  The i r  d i s t r ibu t ion  appeared  to  be  more  random 
than that observed by Pankratz and Bowen (1963) for Symploca muscorum. 
The thylakoid (Menke, 1961a) consists of a flattened membrane-bound 
ves ic le ,  and  the  oppos ing  membranes  may appear  c lose ly  appressed  
o r  separa ted  by  an  in t ra thy lako ida l  space  vary ing  in  wid th .  The  
genera l  appearance  and  d imens ions  o f  the  thy lako ids  observed  in  
sec t ioned  mate r ia l  agreed  wi th  the  observa t ions  o f  p rev ious  workers  
(Menke ,  1961a ;  Pankra tz  and  Bowen,  1963;  Jensen ,  1955) .  
Rod  o r  d i sc - l ike  par t i c les  6  mu wide  seen  on  the  ou te r  sur faces  
o f  ob l ique ly  sec t ioned  membranes  appear  to  be  a  p rev ious ly  undescr ibed  
thy lako id  component .  They  were  p rese rved  by  osmium,  g lu ta ra ldehyde-
osmium and  formaldehyde-osmium f ixa t ions  bu t  have  no t  been  observed  
a f te r  KMnO^ f ixa t ion .  S imi la r  pa r t i c les  were  pa r t i cu la r ly  ev iden t  
in sectioned cells and thylakoid fragments isolated from cell homogen-
a tes  prepared  in  a  F ico l l - sucrose  medium (F igure  40) .  Al though  th i s  
medium was  employed  by  Susor  and  Krogman (1966)  in  o rder  to  re ta in  the  
phycocyanin  on  the  l amel lae ,  i t  i s  no t  c lea r  whether  o r  no t  the  rod­
l ike  e lements  p rese rved  by  th i s  medium a re  the  s i t e  of  phycocyanin  
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assoc ia t ion .  The  f ac t  tha t  these  workers could  p repare  membrane 
fragments  which  re ta ined  the  phycocyanin  a rgues  fo r  a t  l eas t  a  loose  
s t ruc tura l  assoc ia t ion  be tween  these  p igments  and  the  photosyn the t ic  
l amel lae ,  a l though  Cos te r ton  (1960)  sugges ted  the  phycocyanins  were  
conf ined  to  the  chron ia top lasm bu t  no t  bound  to  membranes .  
Fuhs  (1964)  repor ted  tha t  a  protein l ayer  o f  the  thy lako id  
cons i s ted  o f  80  A pa r t i c les  some o f  which  were  phycocyanin .  In  the  
presen t  s tudy  i so la ted  membrane  f ragments  no t  possess ing  phycocyanin  
appeared  as  un i t  membranes  and  i t  seems  un l ike ly  tha t  a  major  membrane  
component  cou ld  have  been  removed .  
S ince  pur i f i ed  phycocyanin  pa r t i c les  were  repor ted  to  be  80  A 
in diameter (Fuhs, 1964), it is possible the 75-90 A particles observed 
on  nega t ive ly  s ta ined  membrane  su r faces  (F igures  45  and  49)  o r  the  60-
70  A rod- l ike  par t i c les  observed  in  sec t ioned  ce l l s  (F igure  5 )  a re  
the  phycocyanins .  
Phycoery thr in ,  an  accessory  p igment  o f  red  a lgae  was  repor ted  to  
be  loca l ized  in  30  mu pa r t i c les  on  the  sur face  of  the  ch lorop las t  
l amel lae  o f  Porphyr id ium cruen tum (Gant t  and  Cont i ,  1966) .  S imi la r  
30  mu pa r t i c les  have  been  observed  on  the  ou te r  sur face  o f  the  
thy lako ids  in  the  b lue-green  endosymbiont  Glaucocys t i s  nos toch inearum 
(Lefort, 1965) but no function was suggested. Similar particles have 
not  been  observed  in  organ isms  which  l ack  phycobi l ins  as  accessory  
p igments .  The  Nos toc  muscorum employed  in  the  p resen t  s tudy  does  not  
exh ib i t  an  absorp t ion  a t  565  mu ind ica t ive  o f  phycoery thr ins ,  and  30  mu 
g ranu les  have  no t  been  observed  in  sec t ioned  ce l l s .  Gant t  and  Cont i  
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(1966)  ind ica ted  tha t  g lu ta ra ldehyde  f ixa t ion  was  necessa ry  to  
p rese rve  the  g ranu les .  In  the  cur ren t  s tudy  some of  the  thy lako ids  
re leased  in to  g lu ta ra ldehyde  a t  the  t ime  of  d i s rup t ion  exh ib i ted  an  
a r ray  of  30  mu spher ica l  pa r t i c les  (F igure  42) .  S ince  the  organ ism 
employed  does  no t  exh ib i t  a  phycoery thr in  absorp t ion  and  s ince  such  
30  mu pa r t i c les  have  no t  been  observed  in  sec t ioned  ce l l s ,  i t  i s  no t  
suggested that the currently observed particles contain phycoerythrins. 
However ,  i t  i s  poss ib le  tha t  phycocyanins  and  phycoery thr ins  a re  
assoc ia ted  wi th in  the  ce l l  in  s imi la r  aggrega tes ,  and  tha t  because  the  
phycocyanins  a re  more  eas i ly  .d i s soc ia ted  and  dena tured  (O 'hEocha ,  
1965)  they  have  no t  been  adequa te ly  p rese rved  in  the  b lue-green  a lgae .  
This  i s  par t i cu la r ly  poss ib le  s ince  the  choice  f ixa t ion  fo r  b lue-
greens  i s  osmium,  and  osmium i s  par t i cu la r ly  des t ruc t ive  to  the  
phycobi l ins  (Gant t  and  Cont i ,  1966) .  
Al though  Jos t  (1965)  repor ted  10-20  mu c lose ly  packed  sphero ids  
which  he  cons idered  to  be  ana logous  to  quan tasomes  on  the  inner  s ide  
of  the  thy lako id  a f te r  f reeze-e tch ing ,  no  s imi la r  pa r t i c les  were  ob­
se rved  in  the  cur ren t  s tudy .  The  in t ra thy lako ida l  spaces  were  observed  
to  be  empty  a f t e r  the  t rea tments  employed  (F igures  38 ,  39 ,  and  40) .  
Cha ins  o f  110  A pa r t i c les  s imi la r  to  those  cons idered  by  Jos t  to  
be  po lyr ibosomes  were  no t  observed  bu t  th i s  may have  been  due  to  the  
d i f fe ren t  -p repara t ive  t echn iques .  In  nega t ive  s ta in ing  prepara t ions  
75-90  A pa r t i c les  were  observed  on  thy lako ida l  su r faces  (F igures  45  
and  49)  bu t  these  par t i c les  were  smal l  compared  to  the  9-12  mu 
r ibosomes  observed  in  sec t ioned  ce l l s  (F igure  7 ) .  S ince  r ibosomes  
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were  p rese rved  by  the  methods  employed  in  the  cur ren t  s tudy ,  i t  i s  
cur ious  tha t  they  were  no t  observed  to  be  assoc ia ted  wi th  the  thy lako ids  
i f  indeed  th i s  were  a  r egu la r  occur rence .  Jos t  and  Mat i l e  (1955)  
suppor ted  Cost ' s  ear l i e r  con jec ture  o f  r ibosome assoc ia t ion  wi th  the  
thy lako ids  by  observ ing  RNA in  a  thy lako id  p repara t ion .  This  observa­
t ion  may,  however ,  be  open  to  o ther  in te rpre ta t ions .  Al though  wal l  
f ragments ,  gas  vacuoles  and  phycobi l ins  were  separa ted  by  cen t r i fuga t ion  
f rom the  thy lako ids ,  the  au thors  d id  no t  sugges t  where  o ther  ce l l  
components  inc l  ud ing  ^ -granu les ,  cC-granules ,  f r ee  r ibosomes ,  s t ruc tured  
granu les ,  and  po lyhedra l  bod ies  were  loca ted .  The  d i f f i cu l t i es  
encounte red  in  the  cur ren t  s tudy  in  separa t ing  components  f rom the  
thy lako ids  sugges t  tha t  the  p repara t ion  by  Jos t  and  Mat i l e  may no t  
be  pure  thy lako ids .  
One  thy lako id  f rac t ion  i so la ted  by  dens i ty  g rad ien t  cen t r i fuga t ion  
was  observed  to  have  absorp t ion  maxima a t  440  and  675  mu ind ica t ive  of  
ca ro teno ids  and  ch lorophyl l .  The  ca ro teno id  absorp t ion  re la t ive  to  tha t  
o f  ch lorophyl l  was  g rea t ly  increased  compared  to  the  spec t rum ob ta ined  
f rom whole  ce l l s ,  and  the  pe l le t  ob ta ined  f rom th i s  f rac t ion  con ta ined  
a  h igh  p ropor t ion  ofy£?-granu les  (F igure  35)  when  examined  by  e lec t ron  
microscopy .  Thylako ids  have  p rev ious ly  been  observed  to  con ta in  
both carotenoids and chlorophyll (Calvin and Lynch, 1952; Shatkin, 
1960;  Susor  and  Krogman,  1964) .  The  y^-granu les  cou ld  be  removed  
f rom the  ce l l  by  e i the r  ace tone  o r  methanol  (F igures  14  and  15) ,  
and  ca ro teno id  absorp t ion  appeared  in  the  extracts .  From the  p resen t  
s tudy  i t  i s  conc luded  tha t  a l though  the  thy lako ids  con ta in  
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both  caro tenoids  and  ch lorophyl l ,  the  ^S-granules  a l so  conta in  
caro tenoids .  
The  ^ -granules  have  not  been  i so la ted  f ree  f rom the  thylakoid  
f ragments .  The  apparent ly  c lose  assoc ia t ion  of  these  granules  wi th  the  
thylakoids ,  par t icu lar ly  in  cases  in  which  the  thylakoids  remained  
re la t ive ly  in tac t  (F igure  33) ,  sugges ts  that  these  two e lements  could  
be  s t ruc tura l ly  assoc ia ted .  Al though the  ^granules  never  appeared  to  
adsorb to  each  other  the  poss ib i l i ty  tha t  they  adsorb  to  the  membrane  
a f te r  homogeniza t ion  remains .  
The  /^granules  of  b lue-greens  have  been  previous ly  compared  to  the  
osmiophi l ic  g lobules  observed  in  the  ch loroplas ts  of  h igher  p lan ts  
(Pankra tz  and  Bowen,  1963) .  Globules  i so la ted  f rom sp inach  by Murakami  
and  Takamiya  (1952)  were  not  membrane  assoc ia ted  but  d id  exhib i t  a  
h igh  caro tenoid  content .  Other  workers ,  however ,  have  fa i led  to  
de tec t  caro tene  in  i so la ted  chloroplast  globules  (Greenwood e t  a l . ,  
1963) .  Both  ^ -g ranules  and the  osmiophi l ic  droplets  appeared  to  be  
l ip id  in  na ture  on  the  bas is  of  f ixa t ion  and s ta in ing  procedures  
and  a re  a t  leas t  spa t ia l ly  assoc ia ted  wi th  the  photosynthe t ic  appara tus .  
The  ce l lu la r  funct ion  of  ne i ther  component  i s  known.  
Nucleoplasm 
The  nucleoplasm of  Nostoc  muscorum appeared  much l ike  tha t  des­
cr ibed  by Ris  and  Singh (1951)  for  severa l  b lue-greens  and  cons is ted  
of  an  anas tomosing  ne twork  wi th  3-5  A DNA f ib r i l s  in  the  less  dense  
reg ions  and many . r ibosome-1ike  par t ic les  in  the  more  dense  a reas  
(F igures  2  and  5 ) .  Fuhs  (1958a)  ident i f ied  RNA in  the  nucleoplasmic  
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reg ion  by  s ta in ing  wi th  pyronine ,  and  no  s ta in ing  was  observed  a f te r  
r ibonuclease  d iges t ion .  Ident i f ica t ion  of  these  par t ic les  a t  the  
e lec t ron  microscope  leve l  has  not  ye t  been  per formed but  the  9-12  
mu r ibosomes  (F igure  7)  agree  c lose ly  in  s ize  to  o ther  p lan t  r ibo-
somes  (Szarkowski  e t  a l . ,  1950) .  Luf t  (1956)  repor ted  tha t  KMnO^ 
f ixa t ion  fa i led  to  f ix  r ibosomes .  In  the  cur rent  work ,  r ibosome 
par t ic les  were  not  v i s ib le  after  such  f ixa t ion  (Figure  12) ,  but  i f  
the  f ixed  ce l l s  were  subsequent ly  s ta ined  wi th  uranyl  ace ta te ,  
the  nucleoplasm y ie lded  a  marked  increase  in  dens i ty  (F igure  11) .  
The  DNA f ib r i l s  were  s ta ined ,  and  a  genera l  increase  in  granular i ty  
was  observed .  This  granula t ion  was  qu i te  f ine  and d id  not  appear  to  
be  in tac t  9-12  mu r ibosomes .  Ribosomes  were  most  apparent  a f te r  
osmium f ixa t ion  and lead  c i t ra te  s ta in ing  (Figure  7) ,  but  even  in  th i s  
prepara t ion  they  were  not  observed  to  be  assoc ia ted  wi th  the  thylakoid  
membranes  as  sugges ted  by  Jos t  (1955) .  
Inc lus ions  
The  30  mu in te r lamel la r  granules  te rmed o<. -granules  (Pankra tz  and  
Bowen, 1963) and shown to be polyglucoside in nature (Fuhs, 1963; 
Giesy ,  1964) ,  a re  d i f f icu l t  to  f ix  and s ta in  in  a  cons is ten t  manner .  
G1 u ta ra ldehyde  f ixa t ion  genera l ly  a ids  in  the i r  preserva t ion  (Figure  9) ,  
but  in  osmium f ixed  prepara t ions  e lec t ron- t ransparent  reg ions  a re  
observed  be tween the  lamel lae  where  the  drgranules  are  usua l ly  loca ted  
(Figure  2) .  The  ' bo tu l i '  descr ibed  by Jos t  (1965)  and  cons idered  by  
h im to  be  equiva lent  to  A-granules  were  35  mu wide  and  300 mu long  
wi th  a  g lobular  sur face  appearance  in  negat ive ly  s ta ined  
51 
prepara t ions .  Jos t  and  Mat i le  (1956)  repor ted  the  presence  of  the  
'bo tu l i '  a f te r  cent r i fugat ion  procedures .  In  the  present  work  no  
^-granules  were  recovered  a f te r  the  cent r i fugat ion  t rea tments .  They 
were  probably  d isso lved  before  the  pe l le t s  were  prepared  and f ixed .  
They were ,  however ,  re leased  in tac t  f rom the  ce l l s ,  and  negat ive ly  
s ta ined  prepara t ions  revea led  them to  be  30  mu by  70  mu b ipar ta te  
s t ruc tures  s imi lar  to  those  observed  in  sec t ioned  ce l l s  (F igure  45) .  
No s t ruc tures  s imi lar  to  'bo tu l i '  were  observed .  I f  indeed  the  
'bo tu l i '  a re  equiva lent  to  the  ^-granules  as  observed  by  Pankra tz  
and  Bowen (1963) ,  they  may mani fes t  a  d i f fe rent  phys io logica l  condi t ion .  
The  s t ruc tured  granules  observed  in  Nostoc  muscorum appeared  
s imi lar  to  those  previous ly  descr ibed  by many workers  inc luding  Pankra tz  
and  Bowen (1963)  and  Jensen  (1965) ,  bu t  they  were  never  observed to  
be  membrane  bound.  I so la ted  s t ruc tured  granules  were  observed ,  
some of  which  appeared to  have  holes  as  i f  they  had  been  par t ia l ly  
d isso lved  (Figure  31) .  This  observa t ion ,  coupled  wi th  the i r  s ta in ing  
proper t ies  a f te r  OsO.  f ixa t ion  in to  more  and  less  dense  a reas  
(F igure  6) ,  sugges ted  tha t  they  were  not  chemica l ly  homogeneous .  
I so la ted  s t ruc tured  granules  f ixed  in  osmium were  much be t te r  preserved  
than  those  f ixed  in  osmium and subsequent ly  exposed  to  e thanol  
(F igure  32) .  The  l a t te r  granules  appeared  to  be  much l ess  dense .  
S t ruc tured  granules  observed  in  in tac t  ce l l s  a f te r  OsO.  f ixa t ion  (Fig­
ure  6)  were  much more  e lec t ron-dense  than  those  subsequent ly  exposed  to  
methanol -uranyl  ace ta te  s ta in  (Figures  2  and  3) .  The  observa t ion  tha t  
the  s t ruc tured  granules  were  modera te ly  e lec t ron-dense  a f te r  OsO^ 
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f ixa t ion  but  were  not  wel l  p reserved  wi th  KMnO f ixa t ion  coupled  wi th  
the ,  admi t ted ly  c i rcumstant ia l ,  observa t ion  of  decreased  s ta in ing  upon 
exposure  to  e thanol  and  methanol  sugges ted  tha t  the  s t ruc tured  
granules  were  a t  leas t  par t ia l ly  l ip id  in  na ture .  Myel in- l ike  a reas  
were  observed  in  some ce l l s  where  one  would  expect  to  observe  s t ruc­
tured  granules .  Fuhs  (1958b)  sugges ted  tha t  the  s t ruc tured  granules  
were  phosphol ip id .  Jensen  (1965)  observed  the  s tructured granules  
to  be  par t ia l ly  d iges ted  by peps in  and  sugges ted  tha t  they  were  par t ia l ly  
pro te inaceous .  In  the  present  work,  a t tempts  to  repea t  th i s  obser ­
va t ion  us ing  ce l l s  which  had  not  previous ly  been  embedded in  Epon 
fa i led .  The  granules  d id  indeed  appear  to  be  par t ia l ly  d iges ted  
a f te r  exposure  to  the  peps in ,  but  cont ro l  ce l l s  exposed  to  0 .01  M 
HCl  were  equal ly  a f fec ted  (Figure  22) .  I t  i s  sugges ted  tha t  the  low 
pH ra ther  than  the  peps in  was  respons ib le  for  the  removal  o f  the  
s t ruc tured  granules .  The  poss ib i l i ty  of  a  pro te inaceous  component  has  
neither been affirmed nor rejected on the basis of the current work. 
The polyhedra l  bodies  of  Nostoc  muscorum appeared  as  previous ly  
descr ibed  for  s imi lar  organisms by  Jensen  and Bowen (1951)  and  
Pankra tz  and  Bowen (1963) ,  Indiv idual ly  they  were  usua l ly  be tween 100 
and  400 mu in  d iameter  but  they  of ten  appeared in  c lus te rs  up to  1  u 
in  s ize .  
Hal ick i  (1964)  s ta ted  tha t  the  polygonal  p rof i le  was  'def in i te ly  
a  resu l t  of  compress ion ' ,  bu t  f rom severa l  of  the  present  observa t ions  
i t  i s  concluded tha t  they  have  an  angular  shape  independent  of  
compress ion  e f fec ts .  S ingle  angular  polyhedra l  bodies  (F igures  5  and 
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10)  and  angular  bodies on the  edges  of  c lus te rs  (F igures  5  and 12)  
a re  commonly  observed .  The  charac ter i s t ic  polygonal  shape  was  a l so  
re ta ined  upon i so la t ion  f rom the  ce l l  (F igures  26 ,  27 and 29) .  
The  3-5  mu l imi t ing  'membrane '  was  seldom observed  in  sec t ioned  
ce l l s  (F igures  2,  5,and 10)  to  comple te ly  sur round the  body,but  i t  was  
observed  to  be  cont inuous  in  the  i so la ted  polyhedra l  bodies  sugges t ­
ing  the  p lane  of  sec t ion  was  respons ib le  for  the  former observa t ion .  
This  'membrane '  appeared  not  to  be  a  mere  in te r face  be tween the  body 
and  the  cytoplasm s ince  i t  was  observed  sur rounding  i so lated poly­
hedral bodies and also retained its polygonal profile when empty 
(F igure  28) .  
The  re la t ionship  of  the  polyhedra l  bodies  to  each  o ther  and to  
the  res t  of  the  ce l lu la r  components  i s  not  c lear .  Occas ional ly  an  
i so la ted  polyhedra l  body was  seen  in  c lose  assoc ia t ion  wi th  a  
thy lakoid  membrane  but  i t  i s  poss ib le  tha t  these  were  cases  of  
adsorp t ion  ra ther  than  of  s t ruc tura l  re la t ionship  (Figure  26) ,  A 
c lose  spa t ia l  re la t ionship  was  f requent ly  observed  in  sec t ioned  
ce l l s  be tween a  polyhedra l  body and  a  thylakoid  (F igure  3) ,but  no  
def in i te  s t ruc tura l  re la t ionship  was  observed .  In  some sec t ions  
there  appeared  to  be  a  s t ruc tura l  assoc ia t ion  v ia  the  polyhedra l  
body 'membranes '  be tween members  o f  the  same c lus te r ,both  in  whole  
ce l l s  (F igures  2 ,  3 ,and  10) ,  and  in  homogenates  (F igures  27  and  28) .  
The  na ture  of  the  'membrane '  sur rounding  these  bodies  i s  open to  
a  cer ta in  degree  of  specula t ion  but  i t  does  not  exhib i t  d imens ions  o r  
s ta in ing  charac ter i s t ics  s imi lar  to  a  typica l  un i t  membrane .  I t  does  
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not  have  a  t r ipar ta te  appearance  nor  i s  i t  preserved  by KMnO,  f ixa t ion  
(Figures  11  and 12) .  I t  i s  preserved  by OsO.  f ixa t ion  (Figure  6)  but  
becomes  much more  e lec t ron-dense  a f te r  s ta in ing  wi th  uranyl  ace ta te  
(F igure  2) .  There  i s  a  s t r ik ing  s imi lar i ty  be tween these  'membranes '  
and  the  2-4  mu membrane  sur rounding  the  gas  ves ic les  observed  in  some 
b lue-greens  and  recent ly  descr ibed  by Bowen and  Jensen  (1965) .  These  
membranes  exhib i ted  f ixa t ion  proper t ies  s imi lar  to  the  polyhedra l  
body 'membranes '  jus t  descr ibed .  They appeared  to  main ta in  the  
charac ter i s t ic  cy l indr ica l  shape  of  the  ves ic les  which  had  conica l  ends .  
The  'membranes '  o f  the  polyhedra l  bodies  may a l so  be  respons ib le  for  
the  charac ter i s t ic  shape  of  th i s  ce l l  component .  The  polyhedra l  bodies  
were  not  eas i ly  i so la ted  f rom the  ce l l s  unless  the  homogeniza t ion  took  
p lace  in  a  sucrose  medium,  sugges t ing  tha t  the  'membrane '  may be  qu i te  
osmot ica l ly  lab i le .  Cost  and Mat i le  (1956)  repor ted  the  i so la t ion  of  
gas  ves ic les  f rom Osci11ator ia .  The  i so la ted  ves ic les  apparent ly  los t  
the i r  r ig id i ty  and appeared  a f te r  negat ive  s ta in ing  as  f la t tened  
b ladders  of  var ious  s izes .  
The  charac ter i s t ic  assoc ia t ion  of  the  polyhedra l  bodies  wi th  the  
nucleoplasm and the  notable  lack  of  o ther  s t ruc tures  in  th i s  a rea ,  
sugges ted  tha t  they  could  be  the  polyphosphate  bodies  commonly  
observed  in  th i s  reg ion  by  the  l igh t  microscopis t s .  Al though 
indiv idual  polyhedra l  bodies  would  be  d i f f icu l t  to  de tec t  because  of  
the i r  smal l  s ize ,  the  cu l te rs  which  a re  of ten  observed  range  up  to  
1  u in  s ize  and would ,  therefore ,  be  re la t ive ly  easy  to  observe .  
The  polyphosphate  bodies ,  metachromat ic  granules  and  volu t in  
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granules  have  been  sugges ted  to  be  Ident ica l  (Fuhs ,  1958a) .  The  
polyphosphate  bodies  have  been  repor ted  to  be  removed by  exposure  to  
1  N HCl  (Casse l  and  Hutchinson,  1954;  Fuhs ,  1958a) .  The  fac t  tha t  
the  polyhedra l  bodies  were  removed by  HCl  exposure  in  the  cur rent  
s tudy  fur ther  sugges ted  tha t  they  were  equiva lent  to  polyphosphate  bodies .  
Ta lpasayi  (1963)  and  o thers  observed  tha t  polyphosphate  bodies  were  
not  present  in  mature  ak ine tes  or  he terocys ts .  In  an  e lec t ron  
microscopic  s tudy of  he terocys t  development  in  Anabaena ,  Lang (1955)  
repor ted  a  gradual  loss  of  polyhedra l  bodies  as  the  he terocys ts  matured .  
Al though the  above  observa t ions  s t rongly  sugges t  tha t  the  poly­
hedra l  bodies  of  the  e lec t ron  microscopis t s  and  the  polyphosphate  
bodies  of  the  l igh t  microscopis ts  are  the  same ce l lu la r  s t ruc ture ,  the  
chemica l  composi t ion  of  these  s t ruc tures  i s  less  c lear .  Al though they  
a re  cons idered  to  be  h ighly  polymer ized  polyphosphate  (Talpasayi ,  
1963) ,  they  a l so  exhib i t  severa l  reac t ions  charac ter i s t ic  of  nuc le ic  
acids:  s ta in ing  by methyl  green  and  pyronine  (Ebel  and  Mul ler ,  
1958) ,  d iges t ion  wi th  co ld  10% TCA (Fuhs ,  1958a) ,  and  red  f luorescence  
when t rea ted  wi th  acr id ine  orange  and v iewed wi th  u l t rav io le t  l igh t  
(Talpasayi ,  1963) .  Polyphosphate  bodies  could  not  be  removed f rom 
the  ce l l s  wi th  e i ther  RNase  o r  DNase ,  however ,  and  on  th i s  bas is  Fuhs  
(1958a)  concluded tha t  the  bodies  d id  not  conta in  nucle ic  ac ids ,  but  
ra ther  tha t  the  reac t ions  shared  by  polyphosphates  and  nuc le ic  ac ids  
were  caused  by  the  h igh  degree  of  phosphate  polymer iza t ion .  
In  the  present  s tudy ,  exposure  to  RNase  according to  the  method 
descr ibed  by Jacobson e t  a l .  (1953)  l e f t  the  nucleoplasm uni formly  
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e lec t ron-dense  but  no  polyhedra l  bodies  were  observed  (Figure  16) .  
S ince  the  controls did  re ta in  polyhedra l  bodies  (F igure  17) ,  the  
exper iment  sugges ts  tha t  the  bodies  conta in  RNA.  Severa l  o ther  
d iges t ion  condi t ions  were  employed in  which  no  a l te ra t ion  of  the  .  
po lyhedra l  bodies  was  observed  (F igure  1 ) .  
Cos ter ton  (1960)  repor ted  s t ruc tures ,  recognizable  f rom h is  
e lec t ron  micrographs  as  polyhedra l  bodies ,  to  be  'p ro te in  bodies '  on  
the  bas is  of  l igh t  microscope s tudies .  He observed  granules  in  the  
cent roplasm which  were  s ta ined  wi th  mercur ic  bromphenol  b lue  but  not  
wi th  a lka l ine  fas t  green  and  subsequent ly  concluded tha t  the  bodies  
cons is ted  of  a  non-bas ic  pro te in .  The  mercur ic  bromphenol  b lue  reac t ion  
i s  cons idered  spec i f ic  for  pro te ins  provided  proper  cont ro ls  such  as  
peps in  ex t rac t ion  are  car r ied  out ,  but  no  such  cont ro ls  were  repor ted .  
The  polyhedra l  bodies  a re  charac ter i s t ic  of  a l l  the  b lue-green  
a lgae  so  fa r  examined a t  the  e lec t ron  microscope  leve l ,  and  i t  i s  
tempt ing  to  th ink  tha t  they  p lay  a  prominent  ro le  in  the  ce l lu la r  
ac t iv i t ies .  They pose  severa l  in te res t ing  ques t ions  wi th  regard to  
the  na ture ,  ro le ,  and  or ig in  of  the i r  unusual  'membrane ' ,  the  or ig in  
and main tenance  of  the i r  polygonal  shape ,  and  of  course  the i r  chemica l  
composi t ion  and  metabol ic  involvements .  On the  bas is  of  the  cur rent  
work ,  i t  i s  concluded tha t  the  polyhedra l  bodies  a re  probably  the  
polyphosphate  bodies  of  the  l igh t  microscopis t s  and  fur thermore ,  
tha t  they  may have  an  RNA component .  
Tubule- l ike  Elements  
The  12-15  mu tubule- l ike  e lements  observed  in  Nostoc  muscorum a f te r  
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glu tara ldehyde-osni ium f ixa t ion  were  s imi la r  to  the  14  mu tubules 
observed  in  Nostoc  pruni forme by Jensen  (1955) .  They appear  to  be  
smal le r  than  the  23-27  mu tubules  reported in  other  plants  (Ledbet te r  
and  Por te r ,  1953)  but  compare  with  the  15  mu sp indle  tubules  or  wi th  
bac ter ia l  f lage l la .  
Al though s imi lar  tubules  a re  common in  eucaryotes ,  they  have  only  
ra re ly  been  repor ted  in  procaryot ic  ce l l s ;  the ir  funct ion  in  these  
ce l l  i s ,  as  ye t ,  unknown.  The  fac t  tha t  they  were  observed  in  
sec t ioned  ce l l s ,  ce l l  homogenates ,  and  negat ive ly  s ta ined  prepara t ions ,  
argues against the possibility that they could be fixation artifacts. 
Whether  these  tubules  a re  a  normal  component  o f  b lue-green  a lga l  ce l l s  
or  the  resu l t  of  a  v i ra l  in fec t ion ,  i s  not  ye t  c lear .  
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SUMMARY 
1 .  The  f ine  s t ruc ture  of  the  b lue-green  a lga ,  Nostoc  muscorum,  
was  s tudied  us ing  severa l  f ixa t ion  methods ,  enzyme d iges t ions ,  
so lvent  ex t rac t ions ,  and  ce l l  f rac t iona t ion  procedures .  
2 .  The  ce l l  envelope  was  s imi la r  to  tha t  observed  in  gram-
negat ive  bac ter ia  and  cons is ted  of  an  ou ter  membrane ,  an  inner  inves t ­
ment ,  and  a  p lasma membrane .  Papi l lae  were  seen  assoc ia ted  wi th  the  
outer  membrane  as  descr ibed  by ear l ie r  workers ,  bu t  var ied  wi th  
exper imenta l  t rea tment ,  and  were  therefore  cons idered  to  be  f ixa t ion  
a r t i fac ts .  The  p lasma membranes  and  the  outer  membrane  appeared  
s t ruc tura l ly  s imi lar  a f te r  f ixa t ion  and s ta in ing;  however  on ly  the  
p lasma membrane  was  v i s ib le  pr ior  to  uranyl  ace ta te  s ta in ing .  On 
the  bas is  of  so lvent  ex t rac t ion  s tudies ,  the  p lasma membrane  has  a  
g rea ter  l ip id  content .  Therefore  i t  i s  concluded tha t  the  p lasma 
membrane  and  the  outer  membrane  a re  chemica l ly  d i f fe rent .  
3 .  The  inc lus ions  commonly  descr ibed  for  b lue-green  a lgae  were  
observed;  thy lakoids ,  DNA f ib r i l s ,  r ibosomes ,  polyhedra l  bodies ,  
s t ruc tured  granules ,  «^-granules ,  and  y^-granules .  
4 .  Previous ly  unrepor ted  rod  or  d isc-shaped par t ic les  6-7  mu 
wide  were  observed  on  obl iquely  sec t ioned  thylakoid  membranes .  As  a  
working  hypothes is ,  i t  i s  proposed  tha t  these  par t ic les  a re  the  
phycocyanins .  
5 .  Tubule- l ike  e lements  12-15  mu wide  were  observed  in  sec t ioned  
ce l l s  f rom s t ra in  1037,  and  in  homogenates  o f  s t ra ins  1037 and  M-12.4 .1 .  
Whether  the  tubules  a re  normal  ce l lu la r  components  o r  a  resu l t  of  
v i ra l  infec t ion  has  not  been  de termined .  Al though s imi lar  tubules  a re  
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common in  eucaryotes ,  they  have  only  ra re ly  been  repor ted  in  pro-
caryot ic  ce l l s .  
6 .  A f rac t ion  conta in ing  in tac t  polyhedra l  bodies  was  i so la ted .  
The  polyhedra l  bodies  re ta ined  the i r  charac ter i s t ic  polygonal  p ro­
f i les .  The  2-5  mu sur rounding  'membrane '  was  observed to  be  d i f fe rent  
f rom most  b io logica l  membranes ,  bo th  in  d imens ions  and  in  f ix ing  and 
s ta in ing  proper t ies .  The  polyhedra l  'membrane '  d id ,  however ,  appear  
s imi la r  to  the  membranes  of  expanded gas  ves ic les  observed  in  some 
b lue-green  a lgae .  The  polyhedra l  bodies  a re  charac ter i s t ica l ly  
assoc ia ted  wi th  the  nucleoplasm and a re  d isso lved  by d i lu te  HCl .  On 
the  bas is  of  th i s  work  i t  i s  concluded tha t  the  polyhedra l  bodies  a re  
the  polyphosphate  bodies  descr ibed  by  the  l igh t  microscopis t s .  Fur ther ­
more ,  on  the  bas is  of  s ta in ing  proper t ies  and  enzyme d iges t ion  s tudies ,  
i t  i s  concluded tha t  they  probably  have  an  RNA component .  
7 .  The  s t ruc tured  granule  appeared  to  be  chemica l ly  he terogeneous  
and  to  have  a  l ip id  component .  
8 .  Negat ive  s ta in ing  revea ls  tha t  the  polyglucos id ic  -granules  
a re  30  by  70  mu e l l ipso ids  wi th  a  median  t ransverse  cons t r ic t ion .  
9 .  The  ^ -granules  were  removed f rom the  ce l l s  by  l ip id  so lvents .  
On the basis of absorption spectra obtained from the solvent extracts 
and f rom i so la ted  ^-granule  f rac t ions ,  i t  i s  concluded tha t  the  
^-granules  conta in  caro tenoids .  
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APPENDIX A:  FIXATION,  DEHYDRATION AND EMBEDDING 
F ixa t ion  
1 .  Osmium te t roxide  f ixa t ion  
The  procedure  employed was  modif ied  for  b lue-greens  by  Pankra tz  
and  Bowen (1963)  f rom tha t  descr ibed  for  bac ter ia  by  Kel lenberger  e t  
a l .  (1958) ,  In  the  cur rent  work  the  t ryptophan was  omi t ted ,  
a .  Prepara t ion  of  Michael  i s  buffer ;  
sodium ace ta te  (NaC2H302.3H20)  1 .94  g  
sodium veronal  (Barbi ta l )  2 .94  g  
sodium chlor ide  3 .40  g  
d i s t i l l ed  water  to  ICQ ml  
b .  Prepara t ion  of  f ix ing  buffer :  
Michael  i s  buffer  (above)  5  ml  
d i s t i l l ed  water  13  ml  
0 .1  N HCl  7  ml  
1  M CaClg  so lu t ion  0 .25  ml  
F ina l  pH should  be  6 .1  to  6 .2 .  
c .  Prepara t ion  of  F ixa t ive ;  
Di lu te  f ix ing  buffer  (above)  1 :1  wi th  aqueous  2% oxmium 
te t roxide .  
d .  F ix  spec imens  1-3  hours  a t  room tempera ture .  
2 .  Potass ium permanganganate  f ixa t ion  
Unbuffered  4% aqueous  potass ium permanganate  (Luf t ,  1956;  
Mol lenhauer ,  1959)  was  employed.  Specimens  were  f ixed  3-5  minutes  
a t  room tempera ture .  
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3.  Glutara ldehyde  f ixa t ion  
Phosphate  buf fered  3% glu tara ldehyde  (Sabat in i  e t  a l . ,  1963)  
was  usua l ly  employed wi th  pos t - f ixa t ion  in  osmium.  
a .  Prepara t ion  of  buf fer :  
0 .1  M KHgPO 13  ml  
0 .1  M Na HPO^ 37  ml  
F ina l  pH should  be  7 .2  to  7 .4  
b .  Prepara t ion  of  f ixa t ive :  
Add 50% g lu tara l  dehyde  to  above  buf fer  in  proper  por t ion  to  
obta in  a  f ix ing  so lu t ion  of  3% glu tara ldehyde .  (1ml  g lu tar ­
a l  dehyde:  15  ml  buf fer ) .  
c .  F ix  1-12  hours  a t  4°C.  
d .  Rinse  in  severa l  changes  of  phosphate  buf fer .  
e .  I f  pos t - f ixa t ion  i s  des i red ,  f ix  1-3  hours  a t  room tempera ture  
in  osmium (previous ly  descr ibed) .  
4 .  Formaldehyde  f ixa t ion  
Phosphate-buffered  4% formaldehyde  (Pease ,  1954)  wi th  osmium 
pos t - f ixa t ion  was  employed.  
a .  Prepara t ion  of  s tock  so lu t ions :  
S tock-buffer  sa l t  so lu t ion:  Monobas ic  sodium phosphate  2 .26% 
Stock  a lka l i  so lu t ion:  sodium hydroxide  2 .52% 
b .  Prepara t ion  of  f ixa t ive  (4% formaldehyde) :  
S tock  buffer  sa l t  so lu t ion  83  ml  
S tock  a lka l i  so lu t ion  17  ml  
Paraformaldehyde  (powder)  4  gm 
Adjus t  pH to  7 .2-7 .4  
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c .  Fix  1-12  hours  a t  4°C 
d .  Pos t - f ix  1-3  hours  in  1% osmium (previous ly  descr ibed)  a t  
room tempera ture .  
Dehydra t ion  and  Embedding  
Dehydra t ion  and  embedding  were  per formed as  modif ied  f rom Luf t  
(1951)  as  fo l lows:  
1 .  Prepara t ion  of  Epon mixtures ;  
a .  Mixture  A 
62  cc  Epon 812 
100 cc DDSA (Dodecenyl  succ in ic  anhydr ide)  
b .  Mixture  B 
89  cc  NMA (Nadic  methyl  anhydr ide)  
100 cc  Epon 812 
c .  Add 3  par t s  mixture  A to  2  par t s  mixture  B and  s t i r  thoroughly .  
Add DMP-30 (ca ta lys t )  a t  the  ra te  of  0 .2  ml  per  10  ml  Epon 
mixture .  Mix  thoroughly .  
2 .  Dehydra t ion  of  spec imens  a t  room tempera ture  immedia te ly  fo l lowed 
f ixa t ion .  
a .  5  minutes  each  in  50%,  70%,  and  95% e thanol  
b .  3  changes  of  2-5  minutes  each  in  100% e thanol  
c .  3  changes  of  2-5  minutes  each  in  propylene  oxide  
3 .  Inf i l t ra t ion  was  accompl ished  in  4  s teps .  
a .  5-10  minutes  in  a  mixture  of  1  par t  Epon:  3  par t s  propylene  
oxi  de  
b .  10-20  minutes  in  1  par t  Epon:  1  par t  propylene  oxide  
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c .  20-40  minutes  in  3  par t s  Epon:  1  part propylene  oxide  
d .  8-18  hours  in  100% Epon.  The  spec imen v ia l s  were  s lowly  
ro ta ted  dur ing  th i s  per iod .  
4 .  Specimens  were  embedded in  sha l low open a luminum fo i l  boa ts .  
5 .  The  polymer iza t ion  was  per formed in  3  s teps .  
a .  8-12  hours  a t  35°C 
b .  12  hours  a t  45°C 
c .  3-6  days  a t  60°C 
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APPENDIX B;  FIGURES 
Key to  a l l  F igures  
A -  -granules  
B -  -granules  
D -  DNA f ib r i l s  
G -  Granules  
IV -  Inner  inves tment  
IT  -  In t ra thylakoida l  spaces  
W -  Myel in- l ike  whor ls  
NP -  Nucleoplasm 
OM -  Outer  membrane  
P  -  Papi l lae  
Z -  Per iphera l  c lear  zone  
PM -  Plasma membrane  
PB -  Polyhedra l  bodies  
R -  Ribosomes  
SG -  St ruc tured  granules  
TH -  Thylakoids  
T -  Tubule- l ike  e lements  
Figure  2 .  Cel l  o f  Nostoc  muscorum f ixed  in  osmium and s ta ined  in  
uranyl  ace ta te .  The  ce l l  envelope  cons is t s  of  the  outer  
membrane  (OM),  inner  inves tment  ( IV) ,  and  p lasma membrane  
(PM).  The  nucleoplasm (NP)  conta ins  r ibosomes  (R) ,  DNA 
f ib r i l s  (D)  and  polyhedra l  bodies  (PB)  which  a re  somet imes  
sur rounded by  a  f ine  dense  zone .  Thylakoids  (TH) , /S-granules  
(B) ,  and  a  s t ruc tured  granule  (SG)  a re  a l so  v is ib le .  
70 ,000 X.  

Figure  3 .  Por t ion of  a  ce l l  showing s t ructured granules  (SG),  and a  
c lus ter  of  polyhedral  bodies  (PB) .  Arrow indicates  a  c lose  
spat ia l  re la t ionship  between polyhedral  body and a  
thylakoid .  Osmium f ixat ion and uranyl  aceta te  s ta in ing.  
70,000 X.  
F igure  4 .  Por t ion of  a  ce l l  of  Nostoc  muscorum s t ra in  1037 showing 
tubule- l ike  e lements  (ar rows)^  G1 u tara ldehyde-osmiurn 
f ixat ion and uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  5 .  Por t ion of  a  ce l l  showing rod- l ike  s t ructures  on obl iquely  
sect ioned thylakoids  (ar rows) .  The ce l l  envelope consis t ­
ing of  the  outer  membrane (OM),  inner  inves tment  ( IV)  and 
plasma membrane (PM) i s  c lear ly  v is ib le .  140,000 X.  

Figure  6 .  Por t ion of  an osmium f ixed cel l  o therwise  unsta ined.  The 
s t ructured granules  (SG) and/S-granules  (B)  are  osmiophi l ic .  
The polyhedral  bodies  are  surrounded by a  f ine  dense  zone 
(ar row) and the  ce l l  envelope i s  unsta ined except  for  the  
plasma membrane (PM).  70 ,000 X.  
F igure  7 .  Por t ion of  an osmium f ixed ce l l  s ta ined wi th  lead c i t ra te .  
The,x-granules  (A) ,  DNA f ibr i l s  (D)  and r ibosomes (R)  show 
an increased e lec t ron-densi ty .  The edges  of  severa l  
thylakoids  (ar rows)  are  v is ib le .  70,000 X.  

Figure  8 .  
Figure 9. 
Cel l  f ixed in  g1utara ldehyde and s ta ined wi th  uranyl  
aceta te .  The less  dense  areas  (ar rows)  are  suggested to  
have conta ined ^-granules .  70,000 X.  
Por t ion of  a  g l  u tara l  dehyde-ostni  um f ixed cel l  showing good 
preservat ion of  o t -granules  (A) .  Uranyl  aceta te  s ta in ing.  
70,000 X.  
F igure  10.  Glutara ldehyde-osmium f ixed cel l  showing preservat ion 
s imi lar  to  that  observed in  osmium f ixed ce l ls  (Figure  2) .  
Uranyl  aceta te  s ta in ing.  70,000 X.  

Figure  11.  Cel l  f ixed in  KMnO, and s ta ined with  uranyl  aceta te  showing 
increased e lec t ron-densi ty  of  nucleoplasm (NP)  and poly­
hedral  bodies  (PB) .  The /^granules  are  not  preserved 
(ar rows) .  The in t ra- thylakoidal  spaces  appear  s l ight ly  
expanded ( IT) .  70,000 X.  
F igure  12.  Cel l  f ixed in  KMnO^ but  o therwise  unsta ined showing plasma 
membrane (PM),  poor ly  preserved/^-granules  (B) ,  polyhedral  
bodies  (PB) ,  and less  dense  nucleoplasm (NP) .  70,000 X.  
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Figure  13.  Cel l  t rea ted  wi th  20% acetone-80% methanol  and then f ixed 
in  osmium showing format ion of  papi l lae  (P)  f rom the  outer  
membrane.  Note  the  myel in- l ike  membranous  whorl  (W),  and 
polyhedral  bodies  (PB) .  70,000 X.  
F igure  14.  G1utara ldehyde-f ixed 
post - f ixed in  osmium 
^-granules  have been 
ce l l ,  t rea ted wi th  100% acetone and 
showing less  dense  areas  f rom which 
removed (ar rows) .  70,000 X.  
F igure  15.  G1utara ldehyde-f ixed ce l l  t rea ted  wi th  100% methanol  and 
post - f ixed in  osmium showing smal l  less  dense  areas  f rom 
which/5-granules  have been removed (ar rows) ,  and a  
per iphera l  c lear  zone (Z) .  No p lasma membrane i s  v is ib le .  
70,000 X.  

Figure  15.  Formaldehyde-f ixeci  ce l l  incubated 4  hours  a t  60°C in  
RNase,  ext rac ted wi th  TCA, and post - f ixed in  osmium.  
Note  the  centra l  area  of  uniform e lec t ron-densi ty .  The 
outer  membrane (OM) i s  s l ight ly  undula lory .  70,000 X.  
F igure  17.  Cel l  t rea ted  as  indicated above except  the  RNase was  absent  
f rom the  incubat ion medium.  Polyhedral  bodies  (PB)  remain 
and a  few papi l lae  (P)  a re  observed.  70,000 X.  

Figure  18.  Cel l  f ixed in  formaldehyde and post - f ixed in  osmium.  
70,000 X.  
F igure  19.  Cel l  f ixed in  glutara ldehyde and post - f ixed in  osmium,  
70 ,000  X. 
Figure  20.  Note  papi l lae  (P)  on outer  membrane of  ce l l  incubated a t  
60OC (see  text  Figure  1  for  t rea tment  de ta i l s ) .  70,000 X.  
F igure  21.  Por t ion of  gl  u tara ldehyde-f ixed cel l  incubated a t  60°C 
showing myeî in- l ike  whorls  (W),  and a  s l ight ly  papi l la te  
outer  membrane.  70 ,000 X.  
F igure  22.  Por t ion of  g l  u tara ldehyde-f ixed cel l  exposed to  0 .01 
N HCl  showing removal  of  the  s t ructured granule  (SG).  
70,000 X.  
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Figures  23 to  25.  Por t ions  of  ce l ls  f ixed in  g lutara lceny 
exposed to  0 .01 N HCl .  The polyheoral  
(PB) have been entirely or partially re 
Post- f ixed in  osmium and s ta ined wit r ,  u  
ace ta te .  70,000 X.  
Figures  23 to  25.  Por t ions  of  ce l ls  f ixed in  glutara ldehyde and 
exposed to  0 .01 N HCl .  The polyhedral  bodies  
(PB)  have been ent i re ly  or  par t ia l ly  removed.  
Post - f ixed in  osmium and s ta ined wi th  uranyl  
aceta te .  70,000 X.  
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Figure  26.  Polyhedral  body f reed from cel l  in  sucrose  medium.  The 
l imi t ing 'membrane '  i s  preserved but  the  contents  appear  
pul led  f rom edge leaving a  c lear  space .  Arrow indicates  
associa t ion of  polyhedral  body wi th  thylakoid .  Osmium 
f ixat ion and uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  27.  Clus ter  of  i sola ted  polyhedral  bodies .  Note  smal l  tubules  
(T) ,  and por t ion of  wal l  conta ining outer  membrane (CM) and 
inner  inves tment  ( IV) .  Osmium f ixat ion and uranyl  aceta te  
s ta in ing.  70,000 X.  
F igure  28.  Polyhedral  body 'membranes '  devoid  of  contents  and re ta in ing 
angular i ty .  Osmium f ixat ion and uranyl  aceta te  s ta in ing.  
70,000 X.  
F igure  29.  I sola ted  polyhedral  bodies  may appear  e lec t ron-dense  through­
out  or  wi th  varying degrees  of  granular i ty .  Osmium f ixat ion 
and uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  30.  I sola ted  s t ructured granules  a f ter  glutara ldehyde-osmium 
f ixat ion showing s l ight  surface  project ions  (ar row).  
Uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  31.  Isola ted  s t ructured granules  a f ter  osmium f ixat ion showing 
occas ional  less  dense  areas  (ar rows) .  Uranyl  aceta te  
s ta in ing.  70,000 X.  
F igure  32.  Isola ted  s t ructured granules  a f ter  osmium f ixat ion and 
exposure  to  e thanol  showing decreased e lec t ron-densi ty ,  
decreased s ize  and homogeneous  appearance.  Uranyl  aceta te  
s ta in ing.  70,000 X.  

Figure  33.  Thylakoid  ves ic les  i sola ted  in  d is t i l led  water .  Arrow 
indicates  poss ible  / î -granule  associa t ion wi th  the  
thylakoids .  Low speed pel le t  f ixed in  osmium and s ta ined 
with uranyl  acetate.  70,000 X.  
F igure  34.  Por t ion of  high speed pel le t  f rom crude homogenate  of  Nostoc  
mus CO rum s t ra in  1037 showing tubule- l ike  e lements  (T) .  
Osmium f ixat ion and uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  35.  Por t ion of  pel le t  obta ined af ter  sucrose  gradient  centr i fu-
gat ion conta ining thylakoid  ves ic les  and a  high propor t ion 
of^-granules .  Sample  a lso  showed high carotenoid  absorp­
t ion.  Osmium f ixat ion and uranyl  aceta te  s ta in ing.  
70,000 X.  
F igure  36.  Cel l  homogenate  conta ining a  por t ion of  ce l l  envelope 
showing the  e lec t ron-dense  inner  inves tment  ( IV)  and the  
uni t  nature  of  both  the  outer  membrane (OM) and the  plasma 
membrane (PM).  Osmium f ixat ion and uranyl  aceta te  s ta in ing.  
140,000 X.  
F igure  37.  Por t ion of  ce l l  envelope showing plasma membrane (PM) 
pul led  away f rom the  wal l  complex.  Osmium f ixat ion and 
uranyl  aceta te  s ta in ing.  140,000 X.  

Figure  38.  Thylakoid  ves ic le  showing 75 A par t ic les  (ar rows)  on the  
outer  surface .  Isola ted  in  Ficol l -sucrose ,  f ixed in  
osmium and s ta ined in  uranyl  aceta te .  70,000 X.  
F igure  39.  Thylakoids  homogenized in  1% g lutara ldehyde showing smal l  
par t ic les  associa ted  wi th  the  outer  surfaces  (ar row).  
Occasional ly ,  la rger  e longate  granules  (6)  are  observed.  
Individual  thylakoids  of ten  remain c losely  appressed.  
Osmium f ixat ion and uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  40.  Thylakoids  i sola ted  in  Ficol l  medium showing smal l  project ­
ions  f rom outer  surface  (ar row).  Individual  thylakoids  
remain c losely  appressed.  Osmium f ixat ion and uranyl  
aceta te  s ta in ing.  70,000 X.  
F igure  41.  Thylakoids  i so la ted  in  sucrose  medium are  usual ly  expanded 
but  the  uni t  nature of  the  membranes  i s  evident .  Osmium 
f ixat ion and uranyl  aceta te  s ta in ing.  70,000 X.  
F igure  42.  Thylakoids  f rom cel ls  homogenized in  1% g lutara ldehyde show­
ing 30 mu granules  associa ted  wi th  the  outer  surface  of  the  
membrane.  Osmium f ixat ion and uranyl  aceta te  s ta in ing.  
70,000 X.  
F igure  43.  Por t ion of  a  whole  ce l l  f rom Ficol l  homogenate  f ixed in  
osmium and s ta ined wi th  uranyl  aceta te .  Project ions  6-7  
mu wide are  observed on the  outer  surfaces  of  the  thylakoids  
(ar rows) .  70,000 X.  
F igure  44.  Enlargement  f rom Figure  43 of  membrane project ions  (ar rows) .  
140,000 X.  

Figure  45.  Thylakoid  f rom crude homogenate  showing/^-granules  (B)  and 
knobby surface .  Tubular  sys tem appears  to  anastomose 
(ar rows) .  Negat ively  s ta ined wi th  PTA.  70,000 X.  

Figure  46.  
Figure  47.  
Figure  48.  
Figure  49.  
Isola ted  (K-granules  showing b ipar ta te  s t ructure  and e lec t ron-
dense  const ruct ion (ar rows) .  Negat ively  s ta ined in  uranyl  
formate .  70,000 X.  
Thylakoid  f ragment  showing associa ted  smal l  rods  or  tubule­
l ike  e lements  (T) .  Negat ively  s ta ined wi th  PTA.  70,000 X.  
Tubular  thylakoid  f ragment  showing a  pai r  of  smal l  rods  or  
tubule- l ike  e lements  (T) .  Negat ively  s ta ined wi th  PTA.  
70,000 X.  
Prepara t ion negat ively  s ta ined wi th  PTA showing />-granules  
(B) , (X-granules  (A)  and thylakoid  f ragment  wi th  75-90 A 
surface  par t ic les .  70,000 X.  
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